^ WORLD INTELLECTUAL PROPERTY OROANI^^|l 

Jr V^X ImerntttonJl Bureiu ^^^^ 

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(51) InternatioDaJ Patent Classification ^ : 
C12Q 1/68, C07H 15/12, 17/00 


Al 


(11) laternational Publication Number: WO 92/14842 
(43) iBtemationai PuUlcatioa Date: 3 September 1992 (03.09.92) 


(21 ) Interaatlonai Application Number: PCT/US92/0 1 367 

(22) Intematioiial Flltag Date: 21 February 1992 (21.02.92) 

(30}Prtoritydata: ^ 

658.849 21 Fcbruaiy 1991 (21.02.91) US 
659,981 21 February 1991 (21.02.91) US 
745,215 14 August 1991 (I4.0S.91) US 
744,870 14 August 1 99 1 ( 1 4.08.9 1 ) US 
787.921 6 November 1991 (06. 1 1.91 ) US 

(71) Applicant (for ail designated States except USU GILEAD 

SCIENCES. INC. [US/USl; 344 Uiteside Drive, Foster 
City. CA 94404 (US). 

(72) Imaton; and ^ . 

<7S) Imaton/Appllcants (for US only) : TOOLE, John, J. (US/ 

USl; 1617 Forest View Avenue, Burlingame, CA 94010 
(US). GRIFFIN, Unda, C, [US/USl; 56 Walnut Avenue, 
Aiherton, CA 94027 (US). BOCK, Louis, C. [US/USj; 
j4Z atancnion uane, rosier v-iiy, \*ri fc»r*» 
THAM, John, A. [US/USl; 1 160 Byron Street, Palo Alto, 
CA 94301 (US). KRAWCZYK, Steven (US/USl; 3149 
Casa De Campo, San Mateo. CA 94403 (US). 


(74) Asents: MURASHIGE, Kate, H. et al,; Morrison & Foers-. 
ter, 545 Middlefidd Road, Suite 200, Menlo Parle CA 
94025 (CA). 

(81) Designated States: AT, AT (European patent), AU, BB, BE 
(European patent), BF (OAPI patent), BG, BJ (OAPI 
patent), BR, CA, CF(OAPI patent), CG (OAPI patent), 
CH, CH (European patent), CI (OAPI patent), CM 
(OAPI patent), CS, DE, DE (European patent), DK, 
OK (European patent), £S, ES (European patent), FI, 
FR (European patent), GA (OAPI patent), GB, GB (Eu- 
ropean patent), GN (OAPI patent), GR (European pa- 
tent), HU, IT (European patent), JP, KP, KR, LK, LU, 
LU (European patent). MC (European patent), MG, ML 
(OAPI patent), MN, MR (OAPI patent), MW, NL, NL 
(European patent), NO, PL, RO, RU. SD, SE, SE (Euro- 
pean patent). SN (OAPI patent), TD (OAPI patent), TG 
(OAPI patent), US. 

Published 

With international search report. 



(54) Tide: APTAMERS SPECIRC FOR THROMBIN AND METHODS OF USE 



(57) Abstract 

OHgonudcoridc sequences that mediate specific binding to thrombin and optionally contain modified bases, sugars, or su- 
gar linkages are disclosed. Single-siianded DNA oligomers are obtained that bind thrombin and inhibit its function in vitro and 
m viyo. The thrombin binding oligomers arc useful for therapeutic, diagnostic and manufaauring purposes. An iinproved method 
for identifying these oligomers is also described, involving complexatton of the support-bound thrombin with a mixture of oligon- 
ucleotides containing random sequences under conditions wherein a complex is formed with the specifically binding sequences, 
but not with the other members of the oligonucleotide mixture. The thrombin-oligonucleotide complexes are then separated from 
both the support and the uncomplexed oligonucleotides and the complexed members of the oligonucleotide mixture are recovered 
from the separated complex and subsequently amplified using standard techniques. 
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^PTMffljgS SPgrTPTC FOR THROMBIN AND METHODS OF OSE 

5 T'ft^hTi-ir;^.! Field 

This lavention is in tHe field o£ rational drug 
design using biotnolecule targeting and aptaner 
development. The invention discloses and claims oiethods 
for maJcing aptamers to throodain and the aptamers 
10 resulting therefrom which may be applied broadly to 

diagnostics and therapeutics. More specifically, this 
invention is related to aptamers that bind to thrombin 
and interfere with its normsa biological function, and 
therapeutic uses for these aptamers. 

15 

ffanleypQund an^ PoTai^ed Art 

qpAgifieall v Binding ^Hanmirlftflgidea . Con- 
ventional methods of detection and isolation of proteins 
and other molecules have enployed antibodies and the lilce 

20 which specifically bind such substances. Recently, 
however, the ^ aasa design of specifically binding 
oligonucleotides for non- oligonucleotide targets that 
generally bind nucleic acids has been described. See, 
e.g., Bladcwell, T.K., et al., SCimcc (1990) 2511:1104- 

25 1110; Blackwoll, T.K., et al.. Science (1990) 2Sfi:ll«- 
1152; Tuerlc, C. , and Gold, L. , flcience (1990) 214:505- 
510; Joyce, G.F., SSBfi (1989) fl2:83-87. Such 
Oligonucleotides have been termed "aptamers" herein. 
Tuerk and Gold describe the use of an in YitrQ selection 

30 and enrichment procedure. In this method, a pool of RNAs 
that are completely randomized at specific positions is 
siibjected to selection for binding by a desired nucleic 
acid-binding protein which is then botind to a 
nitrocellulose filter. The bound RNAs then are recovered 

25 and anplified eis double -stranded DKA that is competent 
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for subsequent in vitro traascription. The newly 
transcribed HNA then is recycled through this procedure » 
to enrich for oligonucleotides that have consensus 
sequences for binding by the cognate protein. The 
5 oligonucleotides so obtained then niay be sequenced for 
fxirther study. Tuerk and Gold applied this procedure to 
identify SNA oligonucleotides which are bound Dy the RNA 
binding region of T4 DNA polymerase. 

Kinzler, K.W., et al., yfnrlfir hMs Rea. 

10 (1989) 12:3645-3653, applied this technique to identify 
double- stranded DNA sequences that were bound by proteins 
that bind to DNA and regulate gene expression. In this 
reported work, total genomic DIDI is first converted to a 
form that is suitable for anplif ication by PCR by 

15 Ugation o£ liaJ»r sequences to the genomic xm. fragments 
and the DRA sequences of interest are selected by binding 
mediated by the target regulatory protein. The recovered 
bound sequences are then amplified by PCR. The process 
of binding by protein and amplification are repeated as 

20 needed. The selection and amplification process are 

repeated as needed. The process as described was applied 
to identify DHA sequences which bind to the 2sBfiBU& 
laevis transcription factor 3A. The same authors 
(Kinzler et al.) in a later paper, Mq] . Ceil Bi93i.T. (1990) 

25 iH: 634-642, applied this same technique to identify the 
portion of the human genome vblch is bound by the GLl 
gene product produced as a recombinant fusion protein. 
The GLI gene is aaplified in a subset of human tumors. 
Ellington, A.D., et al., Watare (1990) 

30 818-822, describe the production of a large number of ^ 
random sequence RMA molecules and identification of those f 
which bind specifically to immobilized target molecules, 
in the case of this paper, to specific dyes such as 
Cibacron blue. Randomly synthesized DNA yielding 

3S approximately lO^^ individual sequences was amplified by 
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PCR and transcribed into UNA. It was thought that the 
complexity of the pool was reduced in the 
axnplif ication/tranacription steps to approxamately 10-^ 
different sequences. The pool was then applied to an 
S affinity column containing the dye and the bound 
sequences subsequently eluted, treated with reverse 
transcriptase and amplified by PGR. The results showed 
that about one in 10^^ random sequence RNA molecules 
folds in such a way as to bind specifically to the 
10 ligand. 

Thiesen. E. -J., and Bach, C, wiieigie Acids 
Res. (1990) ia:3203-3208, describe what they call a 
target detection assay (TDA) to determine double -stranded 
mik binding sites for putative ONA binding proteins. In 

15 their approach, a purified functionally active DMA 
binding protein and a pool of random double- strsmded 
oligoBucleotides which contain PGR primer sites at each 
end were incubated with the protein. The resulting DMA 
caeplexea with the protein (in their case, the SP-1 

20 regulatory protein) were separated from the unbound 
oligomers in the random mixture by band- shift 
electrophoresis and the SP-1 bound oligonucleotides were 
rescued by PGR and cloned, and then sequenced. 

None of the cited references describe the use 

25 of single-Stranded DNA as an appropriate material for 

generating aptaners. The use of DNA aptamers has several 
advantages over RNA including increased nuclease 
stability (Shaw, J. P. et al., wtie Aeid Res (1991) 12: 747- 
750) , in particular plasma nuclease stability, and ease 

30 of amplificatio: oy PCR or other methods. RNA generally 
is coxrverted to IMIA prior to an^lification using reverse 
transcriptase, a process that is not equally efficient 
with all sequences, resulting in loss of some aptamers 
from a selected pool. 
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Pinally, none of the above references describes 
(i) the identification of oligonucleotides which 
specifically bind to thrombin, which does not normally 
bind to DNA; (ii) interference with the normal biological 
function of target molecules such as thrombin due to 
binding; (iii) the use of linkages other than the 
standard phosphodiester linkages in the backbone of the 
oligonucleotide, (iv) the use of base analogs in the 
oligonucleotide, (v) target- specific binding of short 
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20 



25 



3C 



aptamer sequences and aptaner analog sequences derxved 
from a larger full-length parent aptamer molecule, (vi) 
is liaa therapeutic efficacy of an aptamer or (vU) iB 
jOjm therapeutic efficacy of an aptamer analog. 

ThyoBibtn . Acute vascular diseases are 
associated with partial or total occlusion of a blood 
vessel by blood clots, which contaia pUtelets and 
fibrin. These diseases include serious health risks such 
as msrocardial infarction, deep vein thrombosis, puliwsnary 
embolism, peripheral arterial occlusion and the like. 
Treatment or prophylaxis of thrombotic diseases is based 
on either inhibition of clotting or acceleration of 
thrombolysis. Both approaches to treatment of thrombotic 
disease have been described using agents such as heparin 
or hirudin to inhibit thrombin and streptokinase or 
tissue plasminogen activator to accelerate thrombolysis. 
However, a need remains for improved therapeutic agents 
that inhibit tae activities of thrombin in clot 
formation, platelet aggregation or activation and other 
thrombin-mediated processes. 

Thrombin is a multifunctional enzyme that (i) 
converts fibrinogen to fibrin by enzymatic cleavage; (ii) 
Ls mitogenic effects on lymphocytes and vascular smooth 
muscle cells; (iii) stimulates platelet aggregation and 
activation; (iv) is chemotactic for monocytes; (v) 
stimulates vascular endothelial cell mediated production 



of prostacyclin, platelet -activating factor and other 
factors; (vi) induces neutrophil adherence to vessel 
walls; (vii) stimulates vascular endothelial cell 
adhesion phenotype; and (viii) generates activated 
protein C by cleavage of protein C. 

Mitogenic activity of thrombin is exerted 
through binding to thrombin receptors (Coughlin. S.R., et 
al. -T n.n invest.. (1992) fia:3S1.3S5) . Platelet 
aggregation, which plays a major role in arterial 
thrombosis is largely dependent on the function of 
thronbin (Hanson, S.R. , et al. Proni Wat J ■ Rcadi Scii 
HSA» (1388) 15:3184-3188) . Platelets carry functional 
thrombin receptors. Inflamaatory responses can also be 
nediated by thrombin through stimulation of platelet 
aictivatiag factor (PAF) (Prescott, S.. et al, PrffC . Hat l. 

sri. USA. (1984) A1S3S34-3538. PAP promotes 
adhesion of neutrophils to endothelial matrix, leading to 
degranulation of the neutrophils and an associated 
uiflamoiatory response. 

n-iaelofliirt> qf, T^^ft Tnvencion 

The identification of oligonucleotides that 
specifically bind to thrombin, which does not normally 
bind to RNA or DNA, has now been demonstrated. The 
thrombin aptamers bind to thrombin and inhibit both its 
catalytic activity in converting fibrinogen to fibrin and 
its platelet aggregating activity. The aptamers are 
potent inhibitors of thronbin function and represent a 
new da? of pharmaceutical agents for modulation of the 
activity of this protease. The molecules of this 
invention may be utilized in compositions and methods for 
inhibiting any thrombin-mediated or thrombin- associated 
process or function. Pharmaceutical conpositions 
containing these molecules, as well as methods of 
treatment or prophylaxis of vascular diseases. 
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inflanmatory responses, cancer- related hypercoagulable 
states, sepsis and neural vasocclusive diseases using 
tbese eon5»08itions are also part of the present 
invention. These molecules can also be utilized in 
compositions and methods for is ritsa or ia viva imaging, 
diagnosis, for storing and treating extracorporeal blood 
and for coating implant devices. 

These molecules can be synthesized chemically 
or enzymatically as described below, and can be prepared 
in connercial quantities. The aptamers of the present 
invention are con?)osed of DNH and chemically related 
Hujlecules, DNA is a class of molecule ordinarily found 
in animals and it is expected that the Immunogenicity of 
thrombin aptamers will be nonexistent or very low. 
IS mamrne reactions against nucleic acids are known to be 
rare and, when observed, are associated with autoimmune 
disorders. Because of their compatibility with 
biological systems, the molecules of the invention are 
suitable in the treatment of both acute and nonacute 

20 vascular conditions. 

In one aspect, the invention is directed to a 
method to determine an aptamer which binds specifically 
to thrombin, which method comprises providing a mixture 
containing oligomers optionally having portions which 
25 form a random set of sequences and portions which permit 
amplification of the oligomers, incubating the oligomer 
mixture with thrombin coupled to a support to form 
complexes between thrombin and the oligomers bound 
specifically thereto, removing the unbound members of the 
oligonucleotide mixture from the support environment, 
recovering the conplexed oligonucleotide (s) from the 
support, amplifying the recovered oligonucleotides, and 
sequencing the recovered and amplified oligonucleotide (s; 
which had been complexed with thrombin. In a preferred 
embodiment, the starting mixture of oUgonudeotides 
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having random sequences may also contains a consensus 
sequence known to bind to thrombin. 

In yet anotJter aspect, this invention is 
directed to single-stranded deoxyribonudeotides that 

5 bind specifically to thrombin. It has been heretofore 
thought that the three-dimensional structure of double- 
stranded mOL limited the structural diversity of the 
molecule. The inventors herein are unaware of any prior 
demonstration of structural diversity for single- or 

10 double- stranded DNA sufficient to provide the range of 
confotmations necessary to provide aptamers to 
biooolecules. For example, taown Him structures, such as 
pseudoknots, have not been described for single- stranded 

3^5 la other aspects, the invention is directed to 

oligonucleotides which contain sequences identified by 
the above methods, and to oligonucleotide sequences which 
bind specifically to thrombin. In still another aspect, 
the invention is directed to complexes comprising the 

20 thrombin target substance and specif ically bound 
oligomer. 

In still other aspects, the invention is 
directed to oligomers which contain sequences that bind 
specifically to thrombin target substances and inhibit 
25 its normal biological function, and to the use of these 
oligomers in therapy, diagnostics, and purification 

procedures . 

la yet a further aspect, this invention is 
directed to oligomers which contain sequences that bind 
30 specifically to thrombin and inhibits its normal 

biological function, and which also contain one or more 
modified bases, sugars, or sugar linkages, and to the use 
of these oligomers in therapy, diagnostics, and 
purification procedures. 

35 
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Figure 1 is a chart depicting thrcanbin aptamer 
consensus- related sequences. 

Figure 2 is a plot of In vivo thrombin 
inhibition obtained from primates using a is-ner aptamer. 



raCTviqq ^-^^ Invention 
The practice of the present invention encom- 
passes conventional techniques of chemistry, molecular 
10 biology, biochemistry, protein chemistry, and recombinant 
DNA technology, which are within the skill of the art. 
Such techniques are explained fully in the literature. 
See, e.g., ^anntieieotlrto Svntheaia (M.J. Gait ed. 
1984); ^.r^iAie Add Hybridization (B.D. Eaiaes & S.J. 
15 Higgins, eda., 1984); Sanbrook, Fritsch & Mtoiatis, 

nryr^r^^ A t^nmrorv Manual, Second Edition 
(1989); PT T^rfmoloov (H.A. Brlich ed. . Stockton Press); 
R.K. scope, p^t-o-in Ptirifirjir.iQn Prlnrinlflff flnil Praccice 
(Springar-Verlag) ; and the series Mfrhftda ia BngvmQtQqv 
20 (S. Colowick and N. Xaplan eds.. Academic Press, Inc.). 
All patents, patent applications and 
publications mentioned herein, whether supra or infra, 
are hereby incorporated by reference in their entirety. 

The invention is directed to a method which 
25 permits the recovery and deduction or identification of 
aptamers which bind specifically to thrombin and 
compositions that result from the use of the method. 

For ecanple, these aptamers can be used as a 
separation tool for retrieving or detecting thrombin. In 
30 these methods, the aptamers function much like monoclonal 
antibodies in their specificity and usage. By coupling 
the aptamers containing the specifically binding 
sequences to a solid support, thrombin can be recovered 
in useful quantities. In addition, these aptamers can be 
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used in diagnosis by employing them in specific binding 
assays . 

For application in such, various uses, the 
aptamers of the invention may be coupled to auxiliary 
5 substances that enhance or complement the ftinction of the 
aptamer. Such auxiliary substances ixidude, for exas^le, 
labels such as radioisotopes, fluorescent labels, enzyme 
labels and the like; specific binding reagents such as 
antibodies, additional aptamer sequence, cell surface 

10 receptor ligands, receptors per se and the like; toxins 
such as diphtheria toxin, tetanus toxin or ricin; drugs 
such as antiinflammatory/ antibiotic, or metabolic 
regulator pharmaceuticals, solid supports such as 
ehromacogzaphic or electrophoretie supports, and the 

15 like. Suitable techniques for coupling of aptamers to 
desired auxiliary substances are generally known for a 
variety of such auxiliary substances, and the specific 
nature of the coupling procedixre will depend on the 
nature of the auxiliary substance chosen. Coupling may 

20 be direct covalent coupling or may involve the use of 
synthetic linkers such as those marketed by Pierce 
Chemical Co. , Rockford, XL. 

AS used herein, "specifically b in di ng 
oligonucleotides" or "aptamers" refers to 

25 oligonucleotides having specific binding regions which 
are capable of forming cooplexes with thrombin in an 
environment wherein other substances in the same 
environment are not complexed to the oligonucleotide. 
The specificity of the binding is defined in terms of the 

3C con^rative dissociation constants of the. aptamer for 
thrombin as compared to the dissociation constant with 
respect to the aptamer suid other materieas in the 
environment or unrelated molecules in general. 
Typically, the Kd for the aptamer with respect to 
35 thrombin will be 2-fold, preferably 5 -fold, more 
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preferably 10-fold less than Kd with respect to thranbic 
and the unrelated material or accompanying material in 
the emrironment. Even more preferably the Kd will be 50- 
fold less, more preferably 100-fold less, and more 
5 preferably 200 -fold less. 

The binding affinity of the aptamera herein 
with respect to thronibin is defined in terms of Kd. The 
value of this dissociation constant can be detetaiiaed 
directly by well-known methods, and can be computed even 

10 for complex mixtures by methods such as those, for 

example, set forth in Caceci, M.. et al., BXLft (1984) 
a:340-362. It has been observed, however, that for some 
s^l oligonucleotides, direct determination of Kd is 
difficult, and can lead to misleadingly high resets. 

IS Ohder these circumstances, a competitivB binding assay 
for thrombin may be conducted with respect to substances 
icnown to bind thrombin. The value of the concentration 
at ^ch 50% inhibition occurs (Ki) is, under ideal 
conditions, equivalent to Kd. However, in no event car 

20 Ki be less than Kd. Thus, determination of Ki, in the 
alternative, sets a maximal value for the val««- of Kd- 
Uhder those circumstances ^re technical difr;icultie3 
preclude accurate measurement of Kd, measurement of I'S 
can conveniently be substituted to provide an upper limit 

25 for Kd. 

AS specificity is defined, in termn of Kc as 
set forth above, excluded from the categories of 
unrelated materials and materials accompanying thrombin 
ia its environment are those materials whicix are 

3C sufficiently related to thrombin to be imaruaologically 
orossreactive therewith, and materials wMch natively 
bind oligonucleotides of particular sequences such as 
nucleases, restriction enzymes, and the like, ay 
-immunologically crossreactive- is meant that antibodies 

35 raised with respect to thrombin crossreact under standard 
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assay conditions with the Ceuadidate material. Generally, 
for antibodies to crosareact in standard assays, the 
binding affinities of the antibodies for crossreactiva 
materials as coa?)ared to thrombin shotild be in the range 
S of 5-fold to 100-fold, generally about 10-fold. 

Thus, aptanera irtileh contain specific binding 
regions are specific with respect to unrelated materials 
and with respect to materials which do not noznally bind 
such oligonucleotides such as nucleases and restriction 
10 enzymes, m general, a miniiraam of approximately 6 

nucleotides, preferably 10, and more preferably 14 or IS 
nucleotides, are necessary to effect specific binding, 
Aptaners of sequences as short as 6 bases have been shown 
to specifically bind and inhibit thrombin. The only 
15 apparent limitations on the binding specificity of the 

thrombin/oligonucleotide couples of the invention concern 
sufficient sequence to be distinctive in the binding 
oligonucleotide and sufficient binding capacity of 
thrombin to obtain the necessaury interaction. 
20 Oligonucleotides of sequences shorter than 10, e.g., 6 
mers, are feasible if the approp' ate interaction can be 
obtained in the context of the environment in which the 
thrombin is placed. Thus, if there are few interferences 
by other materials, less specificity and less strength of 
2S binding may be required. 

As used herein, "a^tamer" refers in general to 
either an oligoaudeotide of a single defined sequence or 
a mixture of said oligonucleotides, wherein the mixture 
retains the properties of binding specifically to 
30 thrombin. Thus, as used herein "aptamer" denotes both 
singular and plural sequences of oligonucleotides, as 
defined herein. 

Structurally, the aptamers of the invention are 
specifically binding oligonucleotides, wherein 
35 "oligonucleotide" is as defined herein. As set forth 
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herein, oligonucleotides include not only those with 
eoxxventional bases, sugar residues and intemueleotide 
linkages, but also those which contain modifications of 
any or all of these three moieties. 

■Single-stranded" oligonucleotides, as the term 
ia used herein, refers to those oligonucleotides which 
contain a single covalently linked series of nucleotide 
residues. 

•Oligomers" or "oligonucleotides" include RNA 
or DNA sequences of more than one nucleotide in either 
single chain or duplex form and specifically includes 
short sequences such as diners and trlmars, la either 
single chain or duplex form, which may be intermediates 
in the production of the specifically binding 
15 oligonucleotides. 

•Oligonucleotide" or "oligomer* ia generic to 
polydeocyribonucleotides (containing 2' -deoxy-D-ribose or 
modified forms thereof), i.e., JSSX. to polyribonucleo- 
tides (containing D-ribose or modified forms thereof) , 
20 i.e., RBa, and to any other type of polynucleotide which 
is an N-glycoBide or C-glycoside of a purine or 
pyrioidine base, or modified purine or pyrimidine base. 

The oligomers of the invention may be formed 
using conventional phosphodiester- linked nucleotides and 
25 synthesized using standard solid phase (or solution 
phase) oligonucleotide synthesis techniques, which are 
now commercially available. However, the oligomers of 
the invention may also contain one or more -substitute- 
linkages as is generally understood in the art. Some of 
3C these substitute linkages are non-polar and contribute to 
the desired ability of the oligomer to diffuse across 
membranes. These "substitute" linkages are defined 
herein as conventional alternative linkages such as 
phosphorothioate or phosphoramidate, are synthesized as 
35 described in the generally available literature. 
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Alternative linking groups include, but axe not limited 
to embodiments wherein a moiety of the formula P(0)S, 
("thioate"), P(S)S ("dithioate") , P(0)NR'2' P(0)R', 
P(0)OR^, CO, or C0NR'2# wherein R' is H (or a salt) or 
5 allcyl (1-12C) and R^ is alkyl (1-9C) is joined to 
adjacent nucleotides through -0- or -S-. Dithioate 
linkages are disclosed and claimed in cannioBly oimed U.S. 
application no. 248,517. Substitute linkages that may be 
used in the oligomers disclosed herein also include 

10 nonphosphorous -based intemudeotide linlcages such as the 
2' -thioformacetal (-S-CHj-O-)' fotmacetal (-O-CHj-O-) axid 
3 '•amine (-IIH-CH2-CB2'^ intemucleotide linkages 
disclosed and claimed in commonly owned pending U.S. 
patent application serial nos. 690,786 and 763,130, both 

15 incorporated herein by reference. One or more sx^bstitute 
linkages may be utilized in the oligomers in order to 
further facilitate binding with complementary target 
nucleic acid sequences or to increase the stability of 
the oligomers toward nucleases, aa well as to confer 

20 permeation ability, (Not all such linkages in the same 
oligomer need be identicsil.) 

The term "nucleoside" or "nucleotide" is 
similarly generic to ribonudeosides or ribonucleotides, 
deoxyribonudeosides or deoxyribonudeotides, or to any 

25 other nucleoside which is an N-glycoside or C-glycoside 
of a purine or pyrimidine base, or modified purine or 
pyrimxdine base. Thus, the stereochemistry of the sugeu: 
carbons may be other than that of D-ribose in one or more 
residues. Also included are analogs where the ribose or 

30 deoxyribose moiety is replaced by an alternate structure 
such as the 6-meinbered morpholino ring described in U.S. 
patent number 5,034,506 or where an acyclic structure 
serves as a scaffold that positions the base analogs 
described herein in a manner that permits efficient 

35 binding to target nucleic acid sequences or other 
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teurgecs. Elements ordinarily found in oligomers, such as 
the furanose ring or the phosphodiester linkage may be 
replaced with any suitable functionally equivalent 
element. As the a anomer binds to targets in a manner 
5 similar to that for the fi anomers, one or more 

nucleotides may contain this linkage or a doonain thereof. 
(Praseuth, D., at al., ?m ^^^"^ ^^^^^ (HSA) (1988) 
5S: 1349 -1353) . M&dif Ications in the sugar moiety, for 
exanple, wherein one or more of the hydroacyl groups are 
10 replaced with halogen, aliphatic groups, or 

functionalized as ethers, amines, and the like, are also 
included. 

"Ntieleoside" and "nucleotide" include those 
moieties which contain not only the natively found purine 

15 and pyrlmidine bases A, T, C, O and TJ, but also modified 
or analogous foms thereof. Mbdifications Include 
all^lated purines or pyrimidines, acylated purines or 
pyrimidines, or other heterocycles. Such "analogous 
purines" and "analogous pyrimidines" are those generally 

20 known in the art, many of which are used as 

chemotherapeutic agents. An exemplary but not exhaustive 
list indxjdes pseudoisocytosine , N*,II*-ethanocytosine,. 8- 
hydroxy-N^-methyladenine, 4-ac6tylcytosine, ♦S- 
(carbtM^ydroxylmethyl) uracil, 5-fluorouracil, 

25 5-bromouracil, 5-carb03^methylaminomethyl-2-thiouracil, 
S-carbos^ethylaminomethyl uracil, dilq^ouracil, 
inosine, N^-iscpentenyl -adenine, i-methyladenine, 
1-methylpseudouracil, i-methylguanine, l-mathyldLnosine, 
2,2-diaethylguanine, 2-methyladenine, 2-methylguanine, 3- 

30 methylcytosine, S-methylcytosine, N^-methyladenine, 7- 
methylguanine, 5-methylaminomethyl uracil, 5-methoxy 
aminomethyl-2-thiouracil, beta-D-mannosylqueosine, 5'- 
methoa^aiAonylmethyluracil, S-methoxyuracil, 2- 
methylthio-N^-isopentenyladenine, uracil- 5 -oxyace tic acid 

35 methyl cater, pseudouracil, 2-thiocytosine, 5 -methyl -2- 
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chiouracil, 2 - thioxiracil , 4 • thiouracil , S-methyltiracil, 
N-uracil-5-oxyacetic acid raethylester, uracil- 5 -oxyacecic 
acid, queosiner 2-tliiocytosine, 5-propyluracil, 
S-propylcytosine, 5-ethyluracil, S-ethylcycosiae, 
S s-butyliiracil, 5-butylcytosine, 5-pentyluracil, 
5*pencylcytoaine, and 2,6-diaxtdnopurine* 

In addition to the xMdified bases above, 
nucleotide residues which are abasic, i.e., devoid of a 
purine or a pyrimidine base nay also be included in the 
10 aptazners of the invention and in the methods for their 
obtention. 

The sugair residues in the oligonucleotides of 
the invention may also be other than conventional ribose 
and deoxyribose residues. In particular, substitution at 
15 the 2' -position of the furanose residue is particularly 
ifloportant. 

Aptamer oligonucleotides may contain analogoxis 
forms of ribose or deoxyribose sugars that are generally 
known in the art. Jto exemplary, but not exhaustive list 

20 includes 2' substituted sugars such as 2' -0*methyl- , 2'- 
0-alJcyl, 2'-0-allyl, 2'-S-al)cyl. 2'-S-allyl, 2'-fluoro-, 
2' -halo, or 2' -azido- ribose, carbocydic sugar analogs, 
a-anomeric sugars, epimeric sugars such as aurabinose, 
xyloses or lyxoses, pyranose sugars, furanose sugars, 

25 sedoheptixloses , acyclic analogs and abasic nucleoside 

analogs such as methyl riboside, ethyl riboside or propyl 
riboside. 

Although the conventional sugaxs and bases will 
be used in applying the method of the invention, sxibsti- 

30 cution of analogous forms of sugars, purines and 

pyrimidines can be advauitageous in designing the final 
product. Additional techniques, such as methods of 
synthesis of 2 '-modified sugars or carbocydic sugar 
analogs, are described in Sproac, B.S. et al., Wuc ACid 

25 £sa (1991) 12:733-738; Gotten, M. ec al., Nue Aeid Res 
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(1991) 12:2629-2635; Hobba, J. et al., B1 ncftsmatrv 
(1973) 12:5138-5145; and Perbost, M, et al., Slggtism 
T^i^H^. p.. gnmm (1989) ifi£:742-747 (sarbOCycUcs) . 

5 |^^«.h»rf« no P r^r''^'* rnvention Api:g'^s£a 

In general, the method for ?srepariag tbe 
apeamsrs of the invention involves i:^.5ubatxng thronbin 
witb a mixture of oligonucleotides wider conditions 
wherein some but not all of the memfcars of the 

10 oligonucleotide mixture form coaplesMS with the thrombin. 
The resulting cooplexes are then separated from the 
uncon^lexed members of the oligoaacleetide mixture and 
the eomplexed members which constitute an aptamer (at 
this stage the aptamer generally being a population of a 

IS multiplicity of oligonucleotide sequences) is recovered 
from the complex and amplified. The resulting aptamer 
(mixture) may then be substituted fcr :he starting 
mixture in repeated iterations of thii series of steps. 
When satisfactory specificity is obc£->aed, the aptamer 

20 may be used as obtained or may be eeoraenced and synthetic 
forms of the aptamer prepared. In tSiis most generalized 
form of the method, the oligonudeotxdes used as members 
of the starting mixture may be siagle-stranded or double- 
stranded DNA or RNA, or modified forms thereof. However. 

25 single-stranded DNA is preferred. use of DNA 

eliminates the need for conversion ist UNA aptamers to DHA 
by reverse traascriptase prior to E=R amplification. 
Furthermore, DNA is less susceptible to nuclease 

degradation than RNA. 

33 The oligonucleotides thar. bind to thrombin are 

separated from the rest of the mixture and recovered and 
anpiified. Amplification may be cr^aducted before or 
after separation from thrombin. T^e oligonucleotides are 
conveniently amplified by PGR to give a pool of DNA 

33 sequences. The PGR method is wel2 known in the art and 
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described in, e.g., U.S. Patent Nos. 4,683,195 and 
4,683,202 and Saiki. R.K., et al.. ggifflCg (1988) 
221:48'7'49^' ^ European patent applications 86302298.4, 
86302299.2 and 87300203.4, as well as Mathoda in 
5 Enzvmoloqy (1987) lS£:335-350. If RNA is initially used, 
the an^lified DNA sequences are transcribed into RMA. 
The recovered DNA or SSK, in the original single- stranded 
or duplex f ozm, is then xxsed in an o t he r round of 
selection and amplification. After three to six rounds 

10 of selection/aaplification, oligomers that bind with an 
affinity in the nM to fiM range can be obtained and 
affinities below the /iM range are possible. PGR may also 
be performed in the presence of thronibin. 

other methods of an^lification may be employed 

IS inclxiding standard cloning, ligatse chain reaction, etc. 
(See e.g., Chu, et al., U.S. Patent No. 4,957,858). For 
exan^le, to practice this invention using cloning, once 
the aptamer has been identified, linkers may be attached 
to each aide to facilitate cloning into standard vectors. 

20 Aptamers, either in single or double stranded form, may 
be cloned and recovered thereby providing an alternative 
aoplification method. 

Anqplif led sequences can be applied to 
sequencing gels after any round to determine the nature 

25 of the aptamers being selected by throaibin. The entire 
process then may be repeated using the recovered and 
SB^lif led duplex if sufficient resolution is not 
obtained. 

Amplified sequences can be cloned and 
30 individtxal oligonucleotides then sequenced. The entire 
process can then be repeated using the recovered and 
an?)lified oligcaners as needed. Once an aptamer that 
binds specifically to thrombin has been selected, it may 
be recovered as DKA or RNA in single- stranded or duplex 
35 form using conventional techniques. 
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Similarly, a selected aptaner may be sequenced 
and resynthesized using one or more modified bases, 
sugars and linkages using conventional tecimiques. The 
specifically binding oligonucleotides need to contain the 
5 sequence- conferring specificity, but may be extended with 
flanking regions and otherwise derivatized. 

The starting mixture of oligonudeocide may be 
of undetermined sequence or nay preferably contain a 
randomized portion, generally including from about 3 to 

10 about 400 nucleotides, more preferably 10 to 100 

nucleotides. The randomization may be complete, or there 
may be a preponderance of cer tain seq^ences in the 
mixture, or a preponderance of certain residues at 
particular positions. Although, as described 

15 hareiabelow, it is not essential, the randomized sequence 
is preferably flanked by primer sequences which permit 
the application of the polymerase chain reaction directly 
to the recovered oligonucleotide from the con^lex. The 
flanking sequences may also contain other convenient 

20 features, such as restriction sites which permit the 
cloning of the amplified sequence. These primer 
hybridization regions generally contain' 10 to 30, more 
preferably IS to 2S, and most preferably 18 to 20, bases 

of known sequence. 

25 The oligonucleotides of the starting mixture 

may be conventional oligonucleotides, most preferably 
single-strandeti DNA, or may be modified forms of these 
conventional oligomers as described hereinabove. For 
oligonucleotides containing conventional phosphodiester 

30 linkages or closely related forms thereof, standard 
oligonucleotide synthesis techniques may be employed. 
Such techniques are well known in the arc, such methods 
being described, for example, in Froehler, B., et al., 
^ynl^^r- &eid« ft^aearefa (1986) li:S399-5467; NUCt^ i C ftg i fe 

3S T?Ageareh {1988) li:4831-4839 ; [Jt^rl i»nsides and Nucleotides 
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(1987) £:287-291; Proehler, B., Tet Lett (1986) 22:557S- 
5578. Oligonucleotides way also be synthesized \ising 
solution phase methods such as triester synthesis, known 
in the art. The nature of the mixture is determined by 
5 the manner o£ the conduct of synthesis. R and o mization 
can be achieved, if desired, by supplying mixtures of 
nucleotides for the positions at ^^eh randomization is 
desired. Any proportion of nucleotides and any desired 
number of such nucleotides can be supplied at any 

10 particular step. Thus, any degree of ran dom ization may 
be aq)loyed. Some positions may be randcnized by 
mixtures of only two or three bases rather than the 
conventional four. Randomized positions may alternate 
with those idiieh have been specified. It may be helpful 

IS if some portions of the cazididate zandomized sequence aire 

in fact known. 

In one embodiment of the method of the 
invention, the starting mixtxire of oligonucleotides 
subjected to the invention method %»ill have a binding 

20 affinity for thrombin characterized by a Kd o£ 1 fiM or 
greater. Binding affinities of the original mixture for 
thrombin may range from about 100 ^ to 10 /iM to 1 /iM 
but, of course, the smaller the value of the dissociation 
constant, the more initial affinity there is in the 

25 starting material for thromtoin. This may or may not be 
advantageous as specificity may be sacrificed by starting 
the procedure with materials with high binding affinity. 

By application of the method of the invention 
as described herein, improvements in the bi nd in g affinity 

30 over one or several iterations of the above steps of at 
least a factor of SO, preferably of a factor of 100, and 
more preferably of a factor of 200 may be achieved. As 
defined herein, a ratio of binding affinity reflects the 
ratio of Kds of the con^arative con^lexes. Even more 

35 oreferred in the conduct of the method of the invention 
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is the achiev«ment of an enhancement of an affinity of a 

factor of SOO or more. 

Thus, the method of the invention can be 
conducted to obtain the invention aptamers wherein the 
5 aptamers are characterized by consisting of single- 

straaded mtA, by having a binding affinity for thrombin 
represented by a Kd of 100 x IC'^ or less, by having a 
specificity representing by a factor of at least 2, and 
preferably S, more preferably 10 with respect to 

10 unrelated molecules, by having a binding region of less 
than IS nucleotide residues or a total size of less than 
16 nucleotide residues, or by binding to throaJbin. 

The invention processes are also characterized 
by accommodating starting mixtures o£ oligoaudeotides 

is having a binding affinity for thrombia characterized fay a 
Kd of 1 /iM or more by an enhancement of b inding affinity 
of SO or more, and by being conducted under physiological 
conditions . 

As used herein, physiological conditions means 
20 the salt concentration and ionic strength in an aqueous 
solution which characterize fluids found in human 
metabolism commonly referred to as physiological buffer 
or physiological saline. In general, these are 
represented by an intracellular pH of 7.1 and salt 
25 concentrations Na*:5-15 mM. K*:140 fflM, Mg* :0.3 mM, 

Ca*2:10"* mM, C1':S-13 mM, and an extracellular pH of 7.4 
and salt concentrations Na*:14S mM, K*:3 mM, Mg*2:i.2 mM, 

Ca*^:l-2 mM; Cl":110 mM. 

The use of physiological conditions in the 
3C aptamer selection method is extremely Important, 

particularly with respect to those aptamers that may be 
intended for therapeutic use. As is understood in the 
art. the concentration of various ions, in particular, 
the' ionic strength, and the pH value impact on the value 
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of tHe dissociation constant of the thrombin/aptaner 

^ffft nf Mftrtified Wtieleocides and Qli<70miClgQCideS 
5 In one embodiment of the invention metJiod, the 

initial mixture of candidate oligonucleotides will 
include oliga ars which contain at least one modified 
nucleotide residue or linking group. 

If certain specific modifications are included 

10 in the anplification process as well, advantage can be 
taken of additional properties of any modified 
nucleotides, such as the presence of specific affinity 
agents in the purification of the desired materials. 

In order ior the modified oligomer to yield 

15 useful results, the modification must result in a residue 
which is "read" in a known way by the polymerizing enzyme 
used in the anplification procedure. It is not necessary 
that the modified residue be incorporated into the 
oligomers in the amplification process, as long it is 

20 possible to discern from the nucleotide incorporated at 

the corresponding position the nature of the modification ^ 
contained in the candidate, and provided oxxly one round 
of con^lexat ion/amplification is needed. However, many 
of the modified residues of the invention are also 

25 susceptible to enzymatic incorporation into 

oligonucleotides by the commonly used polymerase enzymes 
and the resulting oligomers will then directly read on 
the nature of the candidate actually contained in the 
initial con?»lex. It should be noted that if more than 

30 one round of conqplexation is needed, the aaplified 

sequence must include the modified residue, unless the 
entire pool is sequenced and resynthesized to include the 
modified residue. 

Certain modifications can be made to the base 
35 residues in a oligonucleotide sequence without io?)airing 
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the function of polymerizing eazynes to recognize the 
modified baee in the template or to incorporate the 
modified residue- These modifications include alkylation 
of the S -position of uridine deoxyuridine, cytidine and 
5 deoxycytidine; the -position of cytidine and 
deoxycytidine; the -position of adenine and 
deoxyadenine; the 7-positxor^ of 7-deazaguanine, 7- 
deazadeoxyguanine, 7-deazaadenine and 7-deazadeoxy- 
adenine. As long as the nature of the recognition is 
10 Icnown, the modified base may be included in the 
oligomeric mixtures useful in the method of the 
invention. 

The nature of the sugar moiety may also be 
modified without affecting the capacity of Che sequence 
IS to be usable as a specific; template in the synthesis of 

new TSSH or Bm. 

The efficacy o£. the process of selection and 
amplification depends on the ability of the PGR reaction 
faithfully to reproduce the sequence actually complexed 

20 to thrombin. Thus, if the oligonucleotide contains 

modified forms of cytosine iC*) , the PGR reaction must 
recognize this as a modified cytosine and yield an 
oligomer in the cloned and sequenced product which 
reflect this characterization. If the modified form of 

25 cytosine (C*) is included in the PGR reaction as dC*TP, 
the resulting mixture will contain C* at positions 
represented by this residue in the original member of the 
candidate mixture. (2t is seen that the PGR reaction 
cannot distinguish between various locations of C* in the 

30 original candidate; all G residue locations will appear 
as C*.) Conversely, dCTP could be used in the PGR 
reaction and it would be understood that one or more of 
the positions now occupied by C was occupied in the 
original candidate mixture by C*, provided only one round 

3S of complexation/aaclification is needed. If the 
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ainplified mixture is used in a second round, this new 
mixture must contain tbe modification. 

Of course r if the selected aptamer is sequenced 
euad resynthesizedi modified oligonucleotides and linking 
5 groups may arbitrarily be used in the synthesized form of 
the aptamer. 

Inclusion of modified oligonucleotides in the 
methods and aptamers of the invention provides a tool for 
expansion of the repertoire of candidates to include 

10 large numbera of additional oligonucleotide sequences. 
Such expansion of the candidate pool may be especially 
io^orteuit as the demonstration of binding to proteins ^ 
for example, in the prior art is limited to those 
proteins Icnown to have the capability to bind DNA. 

IS Modifications of the oligonucleotide may be necessary to 
include all desired sequences among those for which 
specific binding can be achieved. 

Thus, one preferred method conprises incubating 
thrombin with a mixture of oligonucleotides, wherein 

20 these oligonucleotides contain at least one modified 

nucleotide residue or linkage, under conditions wherein 
complexation occurs with some but not all members of the 
mixture; sepaurating the conplexed from uncomplexed 
oligonucleotides, recovering and amplifying the con^lexed 

25 oligonucleotides and optionally determining the sequence 
of the recovered nucleotides. In an additional preferred 
eoibodiment, as^lification is also conducted in the 
presence of modified nucleotides. 

30 A Subtract ion Method for Aotamer Preparation 

It is often advantageous in e nh a n cing the 
specificity of the aptamer obtained to remove members cf 
the starting oligonucleotide mixture which bind to a 
second substance from which thrombin is to be 

35 distinguished. In such subtraction methods, at least two 
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rounds of selection and amplification wiU be conducted. 
In a positive/negative selection approach, thrombin will 
be incubated with the starting mixture of 
oligonucleotides and, as usual, the complexes form 
5 separated from uncomplexed oligonucleotides. The complex 
oligonucleotides, which are now an aptaner. are recovered 
and amplified from the complex. The recovered ^tamer is 
then mixed with the second undesired substance from »rtiich 
thrombin is to be distinguished under conditions wherein 

10 members of the aptamer population which bind to said 

second substance can be complexed. This complex is then 
separated from the remaining oligonucleotides of the 
aptamer. The resulting second uncomplexed aptamer 
population is then recovered and amplified. The second 

15 aptaner population is highly specific for thrombin as 
caapaxed to the second substance. 

JXL an alteiajative appjroach, the negative 
selection step may be conducted first, thus mixing the 
original oligonucleotide mixture with the undesired 

20 substance to complex away the members of the 

oligonucleotide mixture which bind to the second 
substance; the uncomplexed oligonucleotides are then 
recovered and amplified and incubated with thrombin under 
conditions wherein those members of the oligonucleotide 

25 mixture which bind thrombin are complexed. The resulting 
complexes then removed from the uncomplexed 
oligoaadeotides and the bound aptamer population is 
recovered and as^lified as usual. 

3C |> 4prf^<'^ftd Mfe t n^'^ Wherein ThrQmbin/flT)rmftr Cofflp l exeg ars 

ffftp^T-ar-ed ffrTTTP Solid Support 

As set forth hereinabove, the original 
oligonucleotide mixture can be synthesized according to 
the desired contents of the mixture and can be separated 
35 by adding the oligonucleotide mixture to a column 
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containing covalently attached thrombia (see, Ellington, 
A.D., et al., Nature (1990) il£:818-822) or to thrombin 
in solution (see Blaclcwell et al., Seienee (1990) 
250; 1104-1110; Blaclcwell et al., Scsienee (1990) 2Sfi:1149- 
5 iisi; or to thrombin bound to a filter (see Tuerk, C, 
and Gold, L., seienea (1990) 2iaJ50S-5l0) . Complexes 
between the aptamer and throntoin are separated from 
unconplexed aptamers using any suitable technique, 
depending on the method used for coa^lexation. For 
10 exanple, if columns are used, non-binding species are 
aixagly washed from the column using an appropriate 
buffer. Specifically b-rund material can then be eluted. 

If binding occurs in solution, the conplexes 
can be separated from the uncon5)lexed oligonucleotides 
15 using, for exaaple, the mobility shift in electrophoresis 
technique (BMSA) , described in Davis, R.L., et al., QsH, 
(1990) fifl:733. In this method, aptamer- thrombin 
ccMtplexes are run ai a gel and aptamers removed from the 
region of the gel where thrombin runs. Onbound oligomers 
20 migrate outside these regions and are separated away. 
Finally, if complexes are formed on filters, unbound 
aptamers are eluted using standard techniques and the 
desired aptamer recovered from the filters. 

In a preferred method, separation of the 
25 easaplexes involves detachment of thrombin-aptamer 
coB^lexes from column matrices as follows. 

A column or other support matrix having 
covalently or noncovalently coupled thrombin is 
synthesized. Any standard coupling reagent or procedure 
30 may be utilized, depending on the nature of the support. 
For example, covalent binding may include the formation 
of disulfide, ether, ester or amide linkages. The length 
of the linkers used may be varied by conventional oBans. 
Noncovalent linkages include antibody- antigen 
35 interactions, protein-sugar interactions, as between, for 
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exaxnple, a lectin column and a naturally-occurring 
oligoaacciiaride xinit on a peptide. 

Lectin columns are particularly suited for 
selecting thrombin aptamers. Lectins are proteins or 
S glycoproteins tHat can bind to complex carbohydrates or 
oligosaccharide units on glycoproteins, and are well- 
described in 'H^^ T.^etins (I.E. Liener et al., eds.. 
Academic Press 1986) . Lectins are isolated from a wide 
variety of natural sources, including peas, beans, 

10 lentils, pokeweed and snails. Concanavalin A is a 
particularly useful lectin. 

Other linking chemistries are also available. 
For exaxapl^. disulfide- derivatized biotin (Pierce) may be 
liaked to thrombin by coupling through an amine or other 

IS functional gro«*. The resulting thrombin-S-S-biotin 

complex could then be used in combination with avidin- ^ 
derivatized support, oligonucleotide- thrombin complexes 
could then be recovered by disulfide bond cleavage. 
Linking chemistries will be selected on the basis of (i) 

20 conditions or reagents necessary for maintaining the 
structure or activity of thrombin. 

The oligomer mixture is added to and incubated 
with the support to permit oligonucleotide- thrombin 
complexation. Complexes between the oligonucleotides and 

25 thrombin are separated from uncomplexed oligonucleotides 
by removing unbound oligomers from the support 
environment. For example, if columns are used, 
nonbinding species are simply washed from the column 
using an appropriate buffer. 

3Q Following ranoval of unbound oligomer, the 

thrombin is uncoupled from the support. The uncoupling 
procedure depends on the nature of the coupling, as 
described above. Thrombin bound through disulfide 
linkages, for example, may be removed by adding a 

35 sulfhydryl reagent such as dithiothreitol or ff- 
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mercaptoetixanol . Thrombin bound to lectin supports may 
be rsnoved by adding a con^lementary monoaacchauride 
(e.g., a-methyl-mannoaide, N-acetyl glucosamine, glucose, 
N- acetyl galactoaamine , galactose or other sacehaurides 
5 for concanavalin A) . Oligonucleotides specifically bound 
to throinbin can then be recovered by standard 
denaturation techniques such as phenol extraction. 

The method of elution of thrcoibin- 
oligonucleotide conplex from a support has superior 
10 unexpected properties when conpared with standard 

oligonucleotide elution techniques. This" invention is 
not dependent on the mechanism by which these superior 
properties occur. However, without wishing to be limited 
by any one mechanism, the following explamation is 
IS offered as to how more efficient elution is obtained. 
Certsum support effects result from the binding of 
oligonucleotides to the support, or the support in 
conjunction with oligonucleotide or thrombin. Removing 
oligonucleotide- throDBbin conplexes enables the recovery 
20 of oligonucleotides specific to thrombin only, while 

eliminating oligonucleotides binding to the support, or 
the support in conjunction with oligonucleotide or 
thrombin. At each cycle of selection, this method aaay 
give up to 1,000 -fold enrichment for specifically binding 
25 species. Selection with thrombin ranaining bound to 
support gives less enriehmnit per cycle, making it 
necessairy to go through many more cycles in order to get 
a good aptamer population. 

3C ayrameir Pools of Varvinq Length 

Aptamers can also be selected in the above 
methods using a pool of oligoaucleocides that vary in 
length as the starting material. Thus, several pools of 
oligonucleotides having random sequences are synthesized 

35 that vary in length from e.g. 50 to SO bases for each 
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pool and containing the same flanking primer- binding 
sequences. Ecjual molar amounts of eacH pool are mixed 
and the variable- length pool is then used to select for 
aptamers that bind to thrombin, as described above. This 
5 protocol selects for the optimal species for thrombin 
binding from the starting pool and does not limit 
aptamers to those of a given length. 

Alternatively, several pools of mixed length 
aptamers can be used in parallel in separate selections 

10 and then coatoined and further selected to obtain the 

optimal binders from the size range initially used. For 
example, three pools, A, B and C. can be used. Pool A 
can consist of oligonucleotides having random sequences 
that vary ia length from e.g. 30 to 40 bases; pool B can 

15 have sequences varying in length from e.g. 40 to SO 

bases; and pool C can have sequences varying in length 
from 50 tc 60 bases. It is to be understood that the 
lengths described above are for illustrative purposes 
only. After selection to obtain binders from A, B, and 

20 C, all aptamers are mixed together. A number of rounds 
of selection are done as described above to obtain the 
best binders from the initial species selected in the 30- 
to so -base range. Mote that with this technique, not all 
possible species in some of the pools are used for 

25 selection. If the number of sites available for binding 
are increased, i.e., if a column is used and the size of 
the column increased, more species can be included for 
selection. Furthermore, this method allows for the 
selection of oligomers from the initial starting pool 

3C that are of optimal length for binding thrombin. 

p^T-^nariza-ion 

Aptamers containing the specific binding 
sequences discerned through the method of the invention 
25 can also be derivatized in various ways. For exanroxe, if 
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clie apt2uner is to be used for separation of thrombin, 
conventionally the oligonucleotide will be derivatized to 
a solid support to permit chromatographic separation. If 
the oligonucleotide is to be used for attaching a 
5 detectable moiety to thrombin, the oligonucleotide will 
be derivatized to include a radionuclide, a fluorescent 
molecule, a chrooophore or the like. If the oligonucleo- 
tide is to be used in specific binding assays, coupling 
to solid support or detectable label, and the like are 

10 also desirable. If it is to be used in therapy, the 
oligonucleotide may be derivatized to include ligands 
which permit easier transit of cellular barriers, toxic 
moieties which aid in the therapeutic effect, or 
enzymatic activities which perform desired functions at 

IS the thrombin site. The aptamer may also be included in a 
suitable expression system to provide for ia aittt 
generation of the desired sequence. 

^pno^rimifl fieaueneea 

20 Khen a number of individual, distinct aptamer 

sequences for thrombin have been obtained and sequenced 
as described above, the sequences may be examined for 
"consensus sequences." As used herein, "consensus 
sequence" refers to a nucleotide sequence or region 

25 (which may or may not be made up of contiguous 

nucleotides) , which is found in one or more regions of at 
least two aptamers, the presence of which may be 
correlated %*ith aptamer- to- thrombin -binding or with 
aptamer structure. 

3Q A consensus sequence nay be as short as three 

nucleotides long. It ailso may be made up of one or mors 
noncontiguous sequences with nucleotide sequences or 
polymers of hundreds of bases long interspersed between 
the consensus sequences. Consensus sequences may be 

3= identified by sequence conparisons between individual 
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aptaner species, vbldx comparisons may be aided by 
computer programs and other tools for modeling secondary 
and tertiary structiire from sequence information. 
Generally, the consensus sequence will contain at least 
5 about 3 to 20 nucleotides, more commonly from 6 to LO 

nucleotides . 

AS used herein "consensus sequence" means that 

certain positions, not necessarily contiguous, of an 
oligonucleotide are specified. By specified is meant 
10 that the composition of the position is other than 

completely random. Not all oligonucleotides in a mixture 
may have the same nucleotide at such position; for 
exaaiJle, the consensus sequence may contain a Known ratio 
of particular nucleotides, Por example, a consensus 
IS sequence night consiat o£ a series of four positions 

wterein the first position in all members of the mixture 
is A. the second position is 25% A. 3S» T and 40* C. the 
third position is T in all oligonucleotides, and the 
fourth position is G in 50% of the oligonucleotides and C 
20 in 50% of the oligonucleotides. 

When a consensus sequence is identified, 
oligonucleotides that contain that sequence may be made 
by conventional synthetic or recombinant means. These 
aptamers, termed -secondary aptamers," may also function 
25 as thrombin- specific aptamers of this invention. A 
secondary aptamer may conserve the entire nucleotide 
sequence of an isolated aptamer, or may contain one or 
more additions, deletions or substitutions in the 
nucleotide sequence, as long as a consensus sequence is 
3C conserved. A mixture of secondary aptamers may also 
function as thrombin- specific aptamers, wherein the 
mixture is a set of aptamers with a portion or portions 
of their nucleotide sequence being random or varying, and 
a^conserved region which contains the consensus sequence. 
35 Additionally, secondary aptamers may be synthesized using 
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one or more of the modified bases, sugars and linkages 
described herein using conventional techniques and those 
described herein. 

5 TTt-Hir.v o f t; tiff apt-Mtera 

The aptamers of the invention are xiae&xl in 
diagnostic, research and therapeutic contexts. For 
therapeutic applications, the thrombin aptamers have ia 
vivo and sx vj-vo clinical utilities, as indicated above. 
10 By way of exanple, the aptamers nay be used in the 

treatment or prevention of (i) restenosis or myointimai 
thiclcening associated with angioplasty, (ii) accelerated 
atherosclerosis after heart transplant operations, liii) 
vascular graft reocclusion associated with vascular shunt 
15 ixnplancs, (iv) clotting or thrombus formation at the site 
of indwelling arteriaa.or venous access lines, (v) 
thrombus formation associated with cardiopulmonary bypass 
surgery, (vi) thrombus formation associated with 
extracorporeal circuits that are used during various S2t 
20 vivo procedures such as blood dialysis or apheresis, 
{vii) sepsis -related disseminated intravascular 
coagulation ai«a (viii) coagulation in patients *rith )cnown 
heparin allergy or heparin- indu- "»d thrombocytopenia. 

For diagnostic applic«.-ions, these aptamers are 
2S well suited for binding to biomolecules that are 

identical or similar between different species, where 
standard antibodies may be difficult to obtain. They are 
also useful in inhibition assays vhea the aptamers are 
chosen to inhibit the biological activity of thrombin. 
30 Antibodies are generally used to bind analytes that are 
detected or quantitated in various diagnostic assays. 
Aptamers represent a class of molecules that may be used 
in place of antibodies for in vitro or in v^ diagnostic 
and purification purposes. 
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Apcaners that bind to thrombin may be used as 
ia sto imaging or diagnostic reagents when suitably 
radiolabeled. Isotopes such as ^^^I, ^^"to, ^^Y, ^^^In 
and ^^^1 have been used to label various proteins or 
antibodies as is described in the literature (Cohn, K.H., 
et al, aESb...,5lU3. (1987) 122:1245-1429; Baidoo. K.E.. et 
al, r.nn.^ R^a . (Suppl.) (1990) 5a:799s.803s; Beatty, 
J.D., etal, CaaSSJL^. (SuppD (1990) Sfi:840s-845; 
Sharkey, R.M. , et al SassfiJL^. (1988) 41:32270-3275). 
A preferred isotope is 59»tc which is utilized as 
described in the literature. Chemical modifications of 
oligonucleotides that are compatible with labeling 
protocols are also known in the art and have been 
extensively described (Uhlmann, B., et al. Olfflnlfiftl RgV - 
(1990) 2^:543-584; international publication Hos. WO 
91/14696 and WO 91/13080) . 

HbB thrombin aptamers may also be labelled by 
lA^^r.^ a moiety that chelates an imaging agent such as 
••■tc. In this embodiment, throatoin aptamer would be 
administered to a patient followed by administration of 
the imaging agent. Tn yiTi chelation of the imaging 
agent would occur, allowing subsequent imaging by 

conventional means. 

Thrombin aptamers may also be labeled with 

25 contrast agents such as lanthanide or transition metal 
complexes or nuclei such as "f, or to facilitate 
4„ vivo imaging of clots and similar formations. Imaging 
would be performed using magnetic resonance imaging 
techniques Icnown in the art. 

3C one consideration in generating radiolabeled 

antibodies is that the labeling procedure must not 
destroy its antigen- binding properties. This usually 
requires an optimized protocol to be generated for each 
isotope and antibody. Because the aptamers of the 
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invention are colerauit of harsh chemical conditions, 
including conditions under which they are synthesized, 
facile radiolabeling of thrombin aptamers can be 
conducted without regard to loss of aptamer structure. 

5 Only the chemical integrity of the aptamer molecule must 
be preserved. The aptamers of the invention can be 
denatured without loss of their capacity to bind thrombin 
once placed under physiological conditions. Antibodies 
cannot be reversibly denatured in this maimer. 

Another consideration relevant to the use of 
monoclonal antibodies (MAbs) for ia vjYQ imaging is their 
antigenicity. MAbs are usually derived from mouse 
hybridomas and as such are foreign proteins, mien used 
in h ^v'w they elicit immune responses that limits their 

15 use in individual patients to one or two exposures. Once 
ianunized, anti-MAb antibodies generated by an immunized 
individual leads to rapid clearance of the MAb. This 
consideration is also relevant to "humanized" MAbs that 
contain both mouse and htanan protein sequences. 

20 In addition to chemical stability, the aptamers 

described herein have a short half -life, a property that 
can permit rapid in vivo imaging after administration of 
labeled coa?)ound. The thrombin aptamers can also be 
advantageously used to avoid anaphylactic reactions such 

25 as those associated with Imaging procedures that use 
conventional ionic or nonionic contrast agents. The 
aptamers also have a low molecular weight compared to 
Abs. which can facilitate their penetration of a target 
structure, such as a clot, for imaging purposes. 

30 Radiolabeled thrombin aptamers can be used to 

image arteries or veins according to various clinical 
indications. For exantple, such aptamers can be used 
after angioplasty to image clots, including deep vein 
clots, CNS thromboses, pulmonary emboli, brain thromboses 

35 and the like. 
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The aptamers of tHe invention are therefore 
particularly useful as diagnostic reagents to detect the 
presence or absence of thrombin. la ^iSSSL diagnostic 
tests are conducted by contacting a sample with the 
specifically binding oligonucleotide to obtain a complex 
which is then detected by conventional means. For 
example, the aptamers may be labeled using radioactive, 
fluorescent, or chromogenic labels and the presence of 
label bound to solid support to which the thrombin has 
been bound through a specific or nonspecific binding 
means detected. Alternatively, the specifically binding 
oligonucleotides may be used to effect initial 
complexation to the support. Means for conducting assays 
using such oligomers as specific binding partners wiU 
IS track those for standard specific binding partner based 
assays . 

It may be coomented that the mechanism by which 
the specifically binding oligomers of the invention 
interfere with or inhibit the activity of thrombin is not 

20 always established, and is not a part of the invention. 
The oligomers of the invention are characterized by their 
ability to bind thrombin regardless of the mechanisms of 
binding or the mechanism of the effect thereof. 

Tov use in research or manufacturing, the 

25 specifically binding oligonucleotides of the invention 
are especially helpful in effecting the isolation and 
purification of substances to which they bind. For this 
application, typically, the aptamer containing the 
specific binding sequences is conjugated to a solid 

30 support and used as an affinity ligand in chromatographic 
separation of thrombin - 

In therapeutic applications, the aptamers of 
the invention can be formulated for a variety of modes of 
administration, including systemic and topical or 

35 localized administration. Techniques and formulations 
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generally nay be found in i^«»in^^iTiqton' s Pharmaceutical 
flr j «aneeg . Mack Publishing Co., Easton, PA, latest 
edition. In general, the dosage required for therapeutic 
efficacy will range from about O.l ^g to 20 rng aptamer/kg 
body weight. Alternatively, dosages within these ranges 
c2m be administered by constant infusion over an extended 
period of time, usually exceeding 24 hours, until the 
desired therapeutic benefits have been obtained. 

For systemic administration, injection is 
preferred, including intramuscular, intravenous, 
intraperitoneal, and subcutaneous. For injection, the 
aptaners of the ixtvention are formulated in liquid solu- 
tions, preferably in physiologically compatible buffers 
such as Hank's solution or Ringer's solution. In addi- 
tion, the aptaners may be formulated in solid form and 
redisaolvod or suspended lamiediately prior to use. 
Lyophilized forms are also included. 

Systemic administration can also be by 
transmucosal or transdermal means, or the oligomers can 
be administered orally. Additional formulations which 
are suitable for other modes of administration include 
suppositories, intranasal and other aerosols. For 
transmucosal or transdermal administration, penetrants 
appropriate to the barrier to be permeated are used in 
the formulation. Such penetrants are generally known in 
the art, and include, for example, for transmucosal 
administration bile salts and fusidic acid derivatives. 
In addition, detergents may be used to facilitate 
permeation. Transmucosal administration may be through 
nasal sprays, for example, or using suppositories. For 
oral administration, the oligomers are formulated into 
conventional oral administration forms such as capsules, 
taUslets, and tonics. 
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Por topical administration, the oligomers of 
the invention are fotimilated into ointments, salves, 
gels, or eraans. as is generally known in the art. 

The aptamers may also be employed in expression 
5 systems, which are administered according to techniques 
applicable, for instance, in applying gene therapy. 

The following exan^ples are meant to illustrate, 
but not to limit the invention. 

^ f.l«>rflan q f ?>pran.egfl That RlTld CD ThrqgfeiR 

A. aYnr^''«•^« qf miaomieleotide Pool 

DHJl oligonucleotides co n t ain ing a randomized 

15 sequence region were synthesised using standard solid 
phase techniques and phosphoramidite chemistry 
f-liinTm-lfnr--^- Synthesis. Gait, M.J., ed. (IRL Press), 
1984; cocuzsa. A., Tfrmtifulmn LettCCT. (isas) ail:6287. 
6291) . A 1 AIM small-scale synthesis yielded 60 nmole of 

20 HPLC-purified single- stranded randomized DNA. Each 

strand consisted of specific 18-mer sequences at both the 
5' and 3' ends of the strand and a random 60-mer sequence 
in the center of the oligomer to generate a pool of 
96-mers with the following sequence (N - G, A, T or C) : 

gr Ho-asraasGTCGacGcraGcaigoCA^ 3' 

DMA 18-mers with the following sequences were used as 
prijners for PCR amplification of oligonucleotide 
sequences recovered from selection columns. The 5' 
primer sequence was 5' HO-CSTACGGTCGACGCTftGC-OH 3' and 
the 3' primer sequence was 5' biotin-0- 
GGATCCC3AGCTCCACGTG-0H 3' . The biotin residue was linked 
to the S' end of the 3' primer using conmiercially 
available biotin phosphoramidite (New England Nuclear, 
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Cat. No. NEF-707) . The biocin phosphoramidite is 
incorporated into the strand during solid phase DNA 
synthesis using standard synthesis conditions. 

In another, similar eacperiment , a pool of 
98-mers with the following sequence was synthesized: 

5' HO-AGAATACTCAAGCTTGCCG-NgQ-ACCTGAATrCGCCCTATAG-OH 3'. 

DNA 19-iners with the following sequences can also be used 
as primers for PCR amplification of oligonucleotides 
recovered from selection columns. The 3' primer sequence 
is 

5' biotin-O-dATAGGGOSAATTCAGGT-OH 3' 
and the 5' primer sequence is 

5' HO-ASAATACTCAASCTTGCCS-QH 3'. 

It will be noted that in all eases, the duplex - 
form of the primer binding sites contain restriction 
enzyme sites. 

B. T i?"''**-^"" ThT-ombin Aptamerg Hsina ■mrombin 
ImlJiill^'*'^ " T.Pffr.in Column 

A pool of aptamer DNA 96 bases in length was 
synthesized as described in Example l-A, and then PCR- 
amplified to construct the initial pool. A small amount 
.of the enzymatically-synthesised DNA was further 
aii?>lified in the presence of a-^^P-dHTPs to generate 
labeled aptamer to permit quauxtitation from column 
fractions . 

A thrombin colxmm was prepared by washing i m( 
(58 nmole) agarose-bound concanavalin A ("Con-A") (Vector 
Laboratories, cat. no. AL-1003) with 20 mM Tris- acetate 
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buffer (pH 7.4) containing l niM MgClj. 1 nM CaClj, 5 mM 
KCl and 140 aM NaCl (the -selection buffer") (4 x 10 mf) . 
1 nrf of settled support was then incubated overnight at 
4-C in 10 fflf selection buffer containing 225 fig (6.25 
tanole) thrombin (Sigma, Cat. no. T-6759) . After shaking 
overnight to permit thrombin binding to the Con- A beads, 
the mixture was briefly centrifuged and the supernatant 
removed. The beads were resuspended in fresh selection 
buffer and transferred to a column which was then washed 
with selection buffer (5 x 1 mO . A column . containing 1 
m£ of settled beads had a void volume of approximately 
300 uL. A control Con-A column was prepared by adding 1 
me of settled support to a column followed by S washes of 
1 mf of selection buffer. 
15 Prior to application of the aptanar DNA pool to 

Con-A columns, the DKA was heated in selection buffer at 
9S«C for 3 mimites and then cooled on ice for 10 minutes. 
The pod. consisting of 100 pmole UNA in O.S me selection 
buffer, was then pre-run on the control Con-A column at 
room teB?)erature to remove species that bound to the 
control support. Three additional O.S mf aliquots of 
selection buffer were added and column fractions 2. 3 and 
4 (0.5 m£ each) were pooled and then reapplied to the 
column twice. The DNA in 1.5 ml selection buffer was 
then recovered. Approximately 1% of total ix^t cpm were 
retained on the column. 

The recovered DKA was then applied to a Con-A- 
thrombin column as a 0.5 mf aliquot followed by a 1.0 mf 
aliquot. Plow-through was retained and reapplied to the 
column twice. DMA added to the column on the final 
application was left on the column for 1 hour at room 
temperature. The column was then eluted with O.S m£ 
Iliquots of selection buffer. 0.5 mf fractions were 
collected and radioactivity was determined in each 
fraction. Radioactivity in eluted fractions 7 through 12 
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were low and relatively constant. After recovery of 
fraction 12, the coluxnn was washed with O.S m£ aliquots 
of 0.1 M a-methyl-raaimoside (Sigma Cat. no. M-6882) in 
selection buffer to elute the bound thrombin along with 
5 thrombin -bound aptamers. Fractions 14 and 15 showed a 
significant peak of thrombin enzyme activity, as 
determined spectrophotometricadly by conversion of a 
chromogenic substrate (Kabi Diagnosticar Cat. no. 
S-2238). 0.01* of the input DNA eluted in these two 
10 fractions . 

Aptaner DNA (Round 1 DNA) was recovered from 
the thrombin by phenol extraction (2 x 0.5 ted) . The 
aqueous phase volume was reduced to about 250 fil by n- 
butanol extraction. Aptamer DNA was precipitated on dry 
IS ice using 3 volumes of ethanol and 20 fig of glycogen as a 
carrier. The DNA was pelleted, washed once in 70% 
ethanol and then dried. 

C. Amnlificat ion of Selected Thrombin Aotamers 

20 Round 1 DNA from Example 1-B was resuspended in 

100 Ml of HjO and an5)lified by PC31. A 200 fil PGR 
reaction consisted of the following: 100 fil template 96- 
mer DNA (approximately 0,01 pmoles) ; 20 nl lOX buffer 
(100 mM TriS'Cl (pH 8-3) , 500 mM KCl, 20 m MgClj) ; 32 /il 

25 dNTP's (5 mM conc total, 1.25 siM each dATP, dCTP, dGTP, 
and dTTP) ; 20 ^1 primer 1 (biotinylated I8*meri 50 jM) ; 
20 ;tl primer 2 (18-msr, SO ;iM) ; 6^1 a-^^P-dNTP's 
(approximately 60 iiCi) ; and 2 ^1 Taq I Polymerase (10 
units) . The reaction was covered with 2 drops NDJOL 

30 mineral oil. A control reaction was also perfozmed 
without template aptamer « 

Initial denaturation was at 94<*C for 3 minutes « 
but subsequent denaturation after each elongation 
reaction lasted 1 minute. Primer annealing occurred at 

35 60 •C for 1 minute, and elongation of primed DNA strands 
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using the T^q polymerase ran at tax 2 minutes, with 
5-8econd extensions added at each additional cycle. The 
final elongation reaction to conpletely fill in all 
strands ran for 10 minutes at 72-C, and the reaction was 

S then held at 40C. 

18 rounds of Taq polymerase elongation were 
carried out in order to amplify the selected aptamer DNA. 
After the reactions were con?>leted, the aqueous layer was 
retrieved and any residual NtlJOL oil was removed by n- 
10 butanol extraction, reducing the volume to 100 /iL. A 
sample may be removed from each of the aptamer and 
control reaction for quantitation and analytical PAGE. 
The amplified aptamer pool (100 ^) was run over a Nick 
column (G-50 S^hadex, washed with 3 mL TB buffer (10 mM 
IS Taris-aci (pH 7.6) , 0.1 mM BDTA)) to remove unincorporated 
HTP's, primers, and salt. 400 ot buffer was then 
added to the column and the DMA pool was eluted from the 
column with an additional 400 mI> buffer. (A 

san^le may be removed from the eluent for quantitation 
and analytical PAGE.) The eluent (400 fiL) was loaded on 
an avidin agarose column (Vector Laboratories, Cat. No. 
A-2010) (500 Ml* settled support, washed with 3 x 1 mL 
Tcis/NaCl buffer (0.1 M Tris, 0.1 M Nad, pH 7.5)) . 
Approximately 90% of the loaded radioactivity remained on 
the column. The column was washed with Tris/NaCl buffer 
(4 X 400 fiD and then the nonbiotinylated strand was 
eluted with 0.15 N NaOH (3 x 300 /iL fractions) . Mdre 
than 45* of the radioactivity on the column eluted in 
these three fractions. These fractions (900 nl) were 
30 combined and neutralized with approximately 3.5 ^1 of 
glacial acetic acid. The neutralized fractions were 
reduced to 250 ^1 ^ speed vacuum or butanol extraction 
and the nucleic acids were precipitated with EtOH. The 
resultant pellet was dissolved in 102 fH selection 
35 buffer. A 2 ^1 sample was removed for quantitation and 
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analytical PAGE. The resulting amplified Round 1 Pool 
was applied to a new Con-A-throinbin coluznn as in Exan^le 
l-B to obtain Round 2 ap tamers. 

D. rharacteri TPtt^ion of Rnrmd 1 Through Round 5 Thrombin 
'^PtffF'*'^'' Qbcaineti from Selection on Lectin Columns 
Five rounds of thrombin aptamer selection and 
anplification were carried out using Ccm- A- thrombin 
columns as in Bxanples l-B and l-C. As shown in Table i, 
the combined fractions 14 and 15 contai n ed a m a xiim a n of 
about 10% of input DNA using the described conditions. 



Round 


% DNA eluted by ^ 
a-methyl -mannoside 


% DNA bound to 
control suj^rt 


1 


0.01 


0.7 


2 


0.05S 


1.9 


3 


5.80 


2.3 


4 


10.25 


1.1 


5 


9.70 


1.0 



* 0.1 M a- methyl -mamnoside in selection buffer was 
added as fraction 13 in each elution, and fractions 14 
and 15 were retained and the DNA amplified. Due to slow 
leeching of thrombin from the coluxma^ DBA botand to 
thrombin could also be seen in earlier fractions in 
rounds 3-5. 

After amplification, round 5 aptamer DNA was 
analyzed for specificity in a filter binding assay. In 
t:his assay, nitrocellulose filters (1 cm diameter) 
preboxind with salmon sperm DNA were used to bind either: 
(1) An unselected 96-mer oligonucleotide DNA pool, (2) 
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unaelected DSOl ^th thronibin (60 praole) , (3) Round S 
ap^aar DWl and thrombiii (fiO poole) , (4) Round 5 aptamer 
im alone, or (5) Round S aptainer im and ovalbumin (60 
pmole) . in each case 3.5 pnu>le of im was used and tiie 

5 incubation was in 200 selection buffer at room 

tefflperacure for 1 hour. The filters were then washed 3 
times with 3.0 m£ of selection buffer and radioactivity 
« counted to determine the amount of DNA that was 
retained as a thrombin complex. The results, are shown xn 

10 Table 2. 



IS 



20 



25 



30 



Table 2 



% usu Bound to Filter 



txoselacted 9€-iiier 




0.08 


Ubselectied 96*inar 


^ thrombin 


0.06 


Bound 5 aptamer 4* 


thrombin 


20.42 
0*07 


Round 5 aptaxner 




Round 5 aptamer 


ovalbumin 


0.05 



35 



Unselected DN3L did not show significant binding 
to the thrombin while selected aptamer DNA bound to 
thrombin. Binding results show specif ic thrombin binding 
with no detectable ovalbumin binding. 

Round 5 aptamer D8A was then amplified using 
the following 3' primer sequence: 

and the 5' X8-mer primer sequence shown in SxamplB 
The 36-mer primer was used to generate internal BamHl 
restriction sites to aid in cloning. The amplified Round 
5 aptamer DNA was then cloned into pGEM 3Z (Promega) . 32 
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of the resulcing clones were tHen amplified directly- 
using the following 5' primer sequence: 

5' H0-CTGCAGGTCGACS5CT»SC-0H 3' 

5 

and the 3' biotinylated 18-iner primer sequence shown in 
Example l-A, and then sequenced. 

Filter binding assays using aptaner DIOV from 14 
of the clones were used to determine the dissociation 
10 constants (Kd) for thrombin as follows: Thrombin 

concentrations between 10 /iM and 1 nM were incubated at 
room tenperature in selection buffer for S minutes in the 
presence of 0.08 pmole of radiolabeled 96-mer derived 
from cloned Round 5 aptamer DNA. After incubation, the 
15 thrombin and aptaner mixture was applied to 

nitrocellulose filters (0.2 micron, 2.4 cm diameter) that 
were pretreated with salmon sperm DNR. (I mg/me DNA in 
selection buffer) and washed twice with 1 rat selection 
buffer. After application of thrombin mixture, the 
20 filters were washed three times with 1 mi selection 
buffer The radioactivity retained on the filters was 
then determined. Kd values for the individual clones 
ranged from SO to >2000 nM. 

The DNA sequence of the 60 -nucleotide r and om ly- 
25 generated region from 32 clones was determined in order 
to examine both the heterogeneity of the selected 
population and to identify homologous sequences. 
Sequence analysis showed each of the 32 clones to be 
distinct. However, striking sequence conservation was 
30 found. The hexamer 5' GGTTGG 3' was found at a variable 
location within the rsmdom sequence in 31 of 32 clones, 
and five of Che six nucleotides are. strictly conserved in 
all 32. Additionally, in 28 of the 32 clones a second 
hexamer 5' GGNTGG 3' , where N is usually T and never C, 
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is observed within 2-5 nucleotides from the first 
hexamer. Thus, 28 clones contain the consensus sequence 
S' GGNTGG(N1,GGNTGG 3' where z is an integer from 2 to 5. 
The remaining 4 clones contain a -close variant sequence" 
5 (a sequence differing by only a single base) . A 

compilation of the homologous sequences are shown in 
Figure l. It should be noted that DMA sequencing of 
several clones from the unselected DMA population or from 
a population of aptamers selected for binding to a 

10 different target revealed no homology to the thrombin- 

selected aptainers. Prom these data we conclude that this 
consensus sequence contains a sequence which is 
responsible either whoUy or in part, for conferring 
thrombin affinity to the aptanera. 

IS Clattlog tine for the thrombin- catalyzed 

conversian of fibrinogen (2.0 mg/nL in selection buffer) 
to fibrin at 37«C was measured using a precision 
coagulation timer apparatus (Becton-Dickinson. Cat. nos. 
6401S, 64019, 64020). Thrombin (10 nM) incubated with 

20 fibrinogen alone clotted in 40 sec, thrombin incubated 
with fibrinogen and PI nuclease (Boehringer-Mannheim, 
Indianapolis, IN) clotted in 39 sec, thrombin incubated 
with fibrinogen and aptamer clone #5 (200 nM) clotted in 
lis sec, and thrombin incubated with fibrinogen, clone #S 

25 (200 nM) and PI nuclease clotted in 40 sec. All 

incubations were carried out at 37«C using reagents 
prewarmed to 3V»C. Aptamer DMA or, whan present, PI 
Iruclease, was added to the fibrinogen solution prior to 
addition of thrombin. These results demonstrated that 

3C -i) thrombin activity was inhibited specifically by 

intact aptamer DMA and (ii) that inhibitory activity by 
aptamer did not require a period of prebinding with 
thrombin prior to mixing with the fibrinogen substrate. 

inhibition of thrombin activity was studied 

3= using a consensus -related sequence 7-mer, 5' GGTTX3GG 3', 
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or a control 7-mer with the sane base composition but 
different sequence (5' GGGGGTT 3'). Clotting times were 
measured using the timer apparatus as above. ThB 
thrombin clotting time in this e^^eriment was 24 sec 
using thrombin alone (10 nM) , 26 sec with thrombin and 
the control sequence at 20 fiM and 38 sec with thrombin 
plus the consensus sequence at 20 iM, indicating 
specificity for throinbin inhibition at the level of the 
7-mer. 

The inhibitory aptamers were active at 
physiological texrperature under physiologic ion 
conditions and were able to bind to thrombin in the 
presence of the fibrinogen substrate, a key requirement 
for therapeutic efficacy. 

Mft^^^^*^ Throinbin Aotamers 
Jtodified forms of the single-stranded, thrombin 
consensus sequence- containing deoxynudeotide iS-mer 
described in Bxanple 2, 5' GGTTGGTGTGGTTG6 3', and a 
closely related l7-mer, were synthesized using 
conventional techniques. These aptamers for the most 
part contain the identical nucleotide sequences, bases, 
sugars and phosphodiester linkages as conventional 
nucleic acids, but substitute one or more modified 
linking groups (thioate or VEA) , or modified bases 
(uracil or 5- (i-pentynyl-2' -deoxy)uracil) . The aptamers 
containing 5- (l-pentynyl) -2' -deoxyuridine were generated 
by replacing thymidine in the parent aptamers . Thrombin 
aptamers containing 5- (l-pentynyl) -2' -deoxyuridine were 
also obtained by selection as described in Exan?)les 8 and 
9 below. 

Independent verification of the Ki for the 
nonmodified l5-mer was made by deteimining the extent of 
thrombin inhibition with varying DNA concentration. The 
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data revealed 50% inhibition of thrombin activity at 
approxiinately the same concentration as the derived Ki. 
strongly suggesting that each bound thrombin was largely, 
if not coB5)letely, inhibited, and that binding occurred 
with a 1:1 atoichiometry. 



Compound 



Ki (sM) 



XO GGTTG6TGTGGTTGG 20 

GX3TTSGTGTG6TTG6*G*T 35 

GGTTGGTGTGGTr*G*G 40 

g'gVtVgVgVg'gVtVg 280 

QeTTGG(dn)G(dn)GGTTe6 IS 

15 GS(dmT6GT9IGG(dI7)TGG 80 

GGTTGGTGTGGTO'GG 20 



• indicates a thioate (i.e., P(O)S) linkage 

* indicates a MEA. lizika^ 

20 indicates 5- (l-pentynyl) uracil 

TTI^n ftnr,ainer randidate DM 
25 5_ (i-pentynyl) -2' -deoxyuridine was synthesized 

and converted to the triphosphate as described in Otvos, 

et al., m^rW ftfli^g ReS (1987) 1763-1777. The 
pentynyl con?>ound was obtained by reacting 5-iodo-2'- 
deoxyuridine with l-pentyne in the presence of palladium 
^° catalyst. 5- (l-pentynyl) -2' -deoxyuridine triphosphate 

was then used as a replacement for thymidine triphosphate 
in the standard PGR reaction. 

A pool of 96-mer single- stranded DNA was 
synthesized, each strand consisting of specific l8-mer 

35 
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PCR primer sequences ac both tlxe 5' and 3' ends and a 
randan 60-mer sequence in the center of the oligomer. 
Details o£ synthesis o£ the pool of single -stranded ONA 
is disclosed in Bxanple l above. PCS co n d i tions were the 
5 same as those described above, with the following 
changes. dATP, dGTP and dCTP were all used at a 
concentration of 200 iiSi. The optimal concentration for 
synthesis of f\ill- length 96-mer DNA via PGR using 5-(l- 
pentynyl) -2' -deo^^nridine was 800 iM. Generation of PCR- 

10 anplified fragments demonstrated that the Taq polymerase 
both read and incorporated the base as a thymidine 
zmalog. Thus, the analog acted as both substrate and 
tenplate for the polymerase. Amplification was detected 
by the presence of a 96-mer band on em BtBr- stained 

15 polyacrylastide gel. 

Example ^ 
XaffQ-PPQgatio^ Other Base Analogs 

20 Ethyl, propyl and butyl derivatives at the 

5 -position of uridine, deoxyuridine , and at the 

-position of cytidine and deoxycytidine are synthesized 
\ising methods described above. Each conqpound is 
converted to the triphosphate form and tested in the PGR 
25 assay described in Exaiqple 1 using an appropriate mixture 
of three noznal deoxytriphosphates or ribotriphosphates 
along with a s:.ngle modified base analog. 

■mis procedure may ailso be performed with 
-position al)cylated anaaogs of adenine and 
30 deoxyadenine, and the 7-position alkylated aneilogs of 
deazaguanine, deazadeoxyguanine, deazaadenine and 
deazadeoxyadenine , synthesized using methods described in 
the specification. 



35 



wo 92/14842 



PCr/US92/0l367 



-48- 



10 



15 



20 



25 



■r^T^hin APt^fir''^ ronta-lTiiTia Substitute 

Modified forms of the IS-mer thrombin aptaxner, 
5' GGTTGGTGTCGTTGG 3' containing one or two fomacetal 
iatemudeotide linkages (O-CH2-O) in place of the 
phosphodiester linkage (O-PO(O-)-O) were synthesized and 
assayed for thrombin inhibition as described above. The 
H-phosphonate dUner synthon was synthesized as described 
inMatteucci, M.D., Tftfe, Utt.. (1990) 21:2385-2387. The 
fonnacetal dimer, 5' T-O-CHj-O-T 3', was then used in 
solid phase synthesis of aptaner Control tinmodif ied 

aptaater DNA was used as a positive control. 
The results that were obtained are shown in Table 4. 

Confound «5lot time (sec) 

100 bM 20 nM 0 nM 



GOT TGGTGTGGTIG6 


105 


51 




GGTTGGTGTGGT TGG 


117 


48 




G6T TGGTSTGGT TGG 


84 


60 




GGTTGGTGTG6TTGG 


125 


49 


25 


NO DNR CONTROL 







indicates a fomacetal linicage 



^«IDl& 6 

>mr""htn Av*;?tn«.r gontrainlnq Abasic 
3C yi^fi;»i«»Bt:ide Residues 

Modified forms of the 15-mer thrombin aptamer, 
S' GGTTGGTQIGGTTGG 3' containing one abasic residue at 
Lich position in the aptamer were synthesized and assayed 
^ for thrombin inhibition as described above. The abasic 
35 residue, i,4-anhydro.2-deoxy-D-ribitol was prepared as 
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described in Eritja, R. , «t: al, Hucleoaides and 
wueleocideg (1987) fi: 803-814. The N,N-diisopropylainiao 
cyanoettaylphosphoranidlte synchon was prepared by 
standard methods as described in Caruthsrs, M.B. Aeeounta 
5 ghem. Res. (1991) 2l!278-284, and the derivatlzed C6P 
support was prepared by the procedures described in 
Dahma, M. J. , et al, Niieieie Aeida Res. (1990) lji:3813. 
The abasic residue was singly substituted into each of 
the 15 positions of the l5-mer. Control unmodified 
10 aptamer DNA was used as a positive control. The results 
that were obtained are shown in Table 5. 
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Caaoound 



Table 5 
dot time (sec) 
100 sM 0 nM 



10 



15 



20 



GGTTGGTGTGGTTGX 
G6TT6GT6T66TEK3 
GGTIGGTGTGGIZGG 
6GTT6GT6TG6ZTt36 




GGTIGGIXSXGGnSG 
G67TGGTXTSGTTG6 
GG1TT66X6TGGITG6 
;TTG6 




GGTXGGTGTGGrTTGG 
G62CIGGTGTGGTT66 
GZTTGGTSrGGTTQS 
XSTTGCTGT6GTT86 
G6TTG6TGTGGTTGG 
NO ONA CONTROL 



27 

27 

27 

56 

27 

29 

43 

51 

161 

27 

27 

27 

62 

27 

28 

136 



26 



indicates an abaaic residue 



25 



3C 



•a s 



ThyBBihln ApraTB^r«» rontniTiInq 5- 
( T - PT-npyni. H - 2 > .Amyiemr±Ai n«» Wtieleotide Residues 

Modification of the 15-iner ttarombin aptaxner, 5' 
GGTTGGTGTGGTTGG 3' to contain 5- (1-propynyl) -2' - 
deoxyuridine nucleotide analogs at the indicated 
positions in the aptaner was effected by the synthesis of 
shese aptainers. They were aissayed for thrombin 
inhibition as described above. The aptamer and the 
H-phosphonate were prepared as described in DeClercc, E., 
et al. Mgd.Chem. (1983) 2fi:661-6S6; Proehler, B.C., et 
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al, MiirlPogides and Nucleocides (1987) i:287-291; and 
Froetaer, B.C., et al, Tet. Lett. (1986) 27:469. This 
analog residue was substituted at tbe indicated po^-'tions 
and the aptaner assayed for inhibition of thrombin. The 
5 results that were obtained are shown in Table 6. 

Conpoiind clot time <sec} 

100 nM 0 nM 



GGTTGGTGTGGT2GG 


147 




G6TTGGTGTGGZTGG 


129 




GGTTGGTGZGGTTGG 


120 




GGTTGGZ6TSGTTGG 


118 






187 




G6ZTG6T6T6GTTG6 


138 




GGTT66TGT6GTT6G 


125 




NO DNA CONTROL 




23 


Z • indicates a 5'propynyl-2' -deoxyuridine residue 








TneorDoratioa. 


Qt 5- 


. fi-BMitvnvl^ -2' -deoaoniridine 



25 5- (1-peatynyl) -2' -deoxyuridine was synthesized 

and converted to the triphosphate as described in OtvoSr 
L., et al., WtirA^jg Aeids Res (1987) 1763-1777. The 
pentynyl conpoiind was obtained by reacting S-iodo*2'- 
deoxyuridine with 1-pentyne in the presence of a 

30 palladixam catalyst . 5- (l-pentynyl) -2 ' -deoxyuridine 

triphosphate was then used as a replacement for thymidine 
triphosphate in the standard PGR reaction. 

A pool of 60-mer single -stranded DNA was 
synthesized, each strand consisting of specific lB*mer 

35 PGR primer sequences at both the 5' and 3' ends and a 
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candom 20-nier sequence in the center of the oligomer. 
Details of synthesis of the pool of single- stranded DNA 
is disclosed in Exan^le 1. 

Because of the poor substrate activity of 
S pentynyl dUTP when used with TAQ polymerase, VENT" 

chermostahle polymerase, (New England Biolabs, Cat. No, 
2S4) was eB?>loyed. Amplification was performed as per 
the manufacturers instructions. Pentynyl dDTP was 
included in the reaction as a substitute for dTTP. The 

10 single-stranded €0-mer was isolated by a modification of 
standard procedures. The 200 ftL PGR amplification 
reaction was divided into two samples which were applied 
to two HICK- columns equilibrated (5 mL) as described. 
The eluent was collected, pooled and applied to avidin- 

IS agarose as deacribwi. Thia column was washed with buffer 
followed by elution of single- stranded 60-mer DNA with 
0.15 N NaOH, pooled and neutralized with glacial acetic 
acid. Single-stranded 60-mer ONA was desalted on a NAP5 
column equilibrated in 20 mM Tris OAc (pH 7.4) . lOX 

20 selection buffer salts were added to the aamplB, heated 
to 9SOC for 3 minutes, and transferred to wet ice for 10 
minutes. 

25 T«T^]ai-^nn af Thi-nmhin Atitamers using 

pwa gftneai r.^n«T s. fi.p»t^«-«mviW2^-flftmnnir1(H.nffi 

The pool of aptamer DSA 60 bases in length was 

used essentially as described in Example 8. The aptamer 

pool sequence was 
30 5' TASAATACTCAAGCTTCGACG-Njo-AfiTTTCGATCCCCGGGTAC 3', 

while the 5' prijner sequence was 
S'TASAATACTCAASCTTCGACG 2' 
and the 3' biotin- linked primer was 
5' GTACC06GG62^CAAACr 3'. 



IS 
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Thrombin iinnobilized on a Con- A lectin column served as 
Che cargec as described. 

After five rounds of selection, aptaaer DNA was 
recovered and aiq)lif ied using thymidine triphosphate 
5 (dTTP) in place of 5- (l-pentynyl) -2' -deoxyuridine in 

order to facilitate subsequent cloning and replication of 
aptamer DNA in fi^ coll . At this stage, the presence of 
a thymidine nucleotide at a given location in an aptsmer 
corresponded to the location of a S- (1-pentynyl) -2' - 

10 deoaqruridine nucleotide in each original round five 
aptaster. Thus, dTTP served to nark the location of 5- 
(l-pentynyl) -2' -deoxyuridine residues in the originsd 
selected DNA pools. 

The round five amplified DNA containing dTTP 

15 was digested %^th BanHI and RindZZZ and cloned into the 
corresponding sites of pGEM 32 (Promega Biotech) and 
transformed into fi. fiflli. DNA from 21 clones was 
analyzed by dideoxy sequencing. Three of the clones 
contained aptamer sequoices that were identical. Only 

20 one of the 21 clones contained a sequence that closely 
resembled the original 5' G6TTG6 3' binding motif 
obtained using thymine in the selection protocol. 

One of these two clones (#17) and the original 
unselected pool was analyzed for thrombin binding by 

25 nitrocellulose filter assay described above using DNA 
labeled with ^^P to permit analysis of thrombin binding 
characteristics. The labeled DNA was synthesized by PGR 
and contained 5- (1-pentynyl) -2' -deoxyuridine in order to 
retain the original selected DNA structures. The DNA was 

30 incubated with thrombin at various concentrations between 
10 nM and 10 iM to obtain the Kd values for thrombin . 
binding. The Kd of the iinseiected pool was >10 iM while 
the Kd of clone 17 was 300 nM. 

Radiolabeled clone 17 DNA was synthesized using 

35 thymidine in place of 5- ti-pencynyl) -2' -deoxyuridine and 
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the resulting DNA had a Kd of >10 /xM, demonstrating that 
the 5- (i-pentynyl) -2' -deoxyuracil heterocycle could not 
be replaced by thymine in the selected aptaxner without 
loss of binding affinity. 

Representative sequences that were obtained are 

as follows. 

5' TftGraTOTaTTaTGTGTaG 3' 

5' JOiaGaGTATJlIATGCTGTar 3' 

5' GTAXAXftGTaXAGTATTGGC 3' 

5' ASG»ITAS3LTGAX11TGATTCGG 3' 

5' TUCraTCATGTRZATTACCC 3' 

5' GarnaAascGaGCTTTPTG 3' 

5' CTCCCaTAATGCCCTAGCCG 3' 

S' GACGCaCCGTACCCCGT 3' 

5' C2lCCaAAC6CATI6CA.TTCC 3' 

5' GTACaOTCAGGCrGCCTSCC 3' 

5' T2W:caTCCCGTGGAC3GTAAC 3' 

S' GACTAAACGOITTGTGCCCC 3' 

5' AACGJUU3GGCACGCCGGCT6 3' 

5' AGGGAZGGTCTGGCIGGAai 3' 



TlColat^lon nf Thrombin APtamers Using 
pyifi Prmfcaininq 5.Methvl-2* ♦df'mfYrYfltH.nf) 

5*nethyl''2'*deaxyeytidine triphosphate was 
obtained connnercially (Pharmacia, Cat. No. 27-4225-01) 
and izsed to synthesize Dim containing random sequences 60 
bases in length flanked by primers 19 bases in length. 
The pool of aptamer DNA 98 bases in length was used 
essentially as described in Example 1. Thrombin 
immobilized on a Con-A lectin column served as the target 
as described. 

Briefly/ a 200 ^ PCR reaction %fas set up 
using: 10 nM TriS-HCl, pH 8.3 at 25e C, l.S mM I^Clo, 3C 
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mM NaCl and 200 of each of cJATP, dGTP, dTTP and 5- 
methyl-2' -deoxycytidine triphosphate. 20 ^Ci each of a- 
^^P-dATP and dGTP were added to label the DNA. 1 nmole 
of 5' auid 3' priiaer were added followed by addition of 
5 0-2 pmole of 98-mer teo?)late pool DNA, Amplification was 
initiated by addition of 2 (10 U) of Taq polymerase 
followed by sealing of the reaction with a mineral oil 
overlay. About 16 cycles of amplification were performed 
followed by a 10 minute final extension to coin)lete all 

10 duplex synthesis. 

Amplified DNA was recovered (100 fiL aqueous 
phase) I n-butanol extracted (650 ^L) and applied to a 
Nick column prewaahed with 5 mL of buffer containing 100 
nM Tris-HCl pH 7.5 and 100 mM NaCl, Eluted DNA was 

15 applied to a 0.5 mL avidin- agarose coluxm prewashed in 

the same buffer and washed \intil DNA loss from the coluxm 
was < 1000 cpm- Single stranded DNA was eluted from the 
avidin colTjmn by washing with 0.15 N NaCl and the eluate 
was neutralized to pE 7.0 using glacial acetic acid. The 

20 98-mer DNA was exchanged into selection buffer on a 

second Nick column and, after heat denaturation for 3 min 
at 95^ C followed by cooling on ice for 10 min, used in 
apcamer selection on thrandbin lectin columns, 1 mL 
thrombin columns were equilibrated in selection buffer 

25 prior to addition of single- stranded DNA. The single- 
stranded DNA was recirculated for three conqplete passes. 
Upon completioi: of the third pass the peak radioactive 
element was then applied to a 1 mL ConA/thrombin column 
(charged with 3 nmoles of thrombin) • Radioactive single- 

30 stranded 98-mer was applied three times to this matrix. 
At the third application, the column was stoppered and 
allowed to stand for 1 hr. The coliamn was then washed 
with selection buffer and 0.5 mL aliquot fractions 
collected. A total wash volume of 6 mL was eit^jloyed* At 

35 this time, 0.1 M a-methyl-mannoside in selection buffer 
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was then added, followed by a 4 mL total volume wash. 
Ihronibin enzymatic activity was detected via chromogexiic 
substrate aonitored by absorbance at 40S tan. Peak 
thronbia fractions were pooled, extracted with phenol, 
S and the volume reduced by nBuOH extraction. 20 fig 
glycogen was added, the single- stranded 98-mer 
precipitated via ethanol addition and pelleted via 
cencrifugation. The pelleted DMA was resuapended in 
water and used as a ten^late for PCR amplification. This 

10 protocol was repeated to obtain a pool of DNA that 

resulted from 5 rounds of selection on throtxibin columns. 

Double- stranded SNA was digested with EcoSI and . 
HiaDIlI and cloned into pGBM3Z. Aptamers were then 
transformed into fi. eoli and analyzed by dideoaqr 

IS sequencing. Round five aptaner pool DHA bound to 
throntoin with a Kd of approximately 300 nM. 

pi.mona^ratio n n€ Apfcamer ScecificifV tOV Blnflinq 

20 t^n and Tnhih-ir.ion of Thrgmbia 

The specificity of aptamer binding was 
demonstrated using radiolabeled DMA and a series of 
proteins. To determine the binding specificity of the 
thrombin aptamer, 96-mer clone #29, having the partial 

25 sequence S'CGGGGAGftSimSSSSLlSmSSauaXSGCTa^^ 

GTTTTCGCGGTGAGffTCC 3' was used. The consensus sequMice 
is shown underlined. In addition, a 21-mer aptaner, 
S* GGTTGQGCTGGTTGGGTTGGG 3' was tested for inhibition of 
apor><«»^ fibrinogen- cleaving enzyme ancrod, which was 

3C obtained commercially (Sigma, Cat, Ko. A- 5042) . The 
21-mer had a of Ki for thrombin of about 100 nM and its 
Kd was about 350 nM. Clone #29 had a Kd of about 200 nM 

for thrombin. 

The aptamer was shown to specifically bind to 
35 thrombin by a filter binding assay. Briefly, 
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radlolcibeled aptazner OlA at about a concentration of 
about 1 aM was incubated with the indicated protein for 
several nisutes at room ten^erature, followed by 
filtration of the aptamer-protain mixture through a 
5 nitrocellulose filter. The filter was washed with 3 mL 
of selection buffer and then radioactivity bound to the 
filters was determined as a % of input radioactivity. 
Results obtained are shown in Table 7. Binding data is 
shown for both unselected 96-mer im and for two separate 

10 experiments with clone #29 96-mer. All proteins were 
tested at about ifiJA concentration except hxanan serum 
aiKiim-tn which was used at 100 ^£M. The results that were 
obtained demonstrated that the 9€-mer specifically bound 
to thrombin and had little affinity for most of the other 

15 proteins tested. 
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10 



Procein 

nwflalegfced DMA. 
Control 
Thrombin 
ProChronbin 
Albomln 
Chynotrypsin 
Trypsin 
Kallikrein 
Plaamin 



7S573 
74706 
75366 
76560 
75566 
73993 
76066 
745 13 



230 
6732 
183 
1851 
225 
306 
122 
3994 



k Bound 
0 

9.0 

<o.s 

2.0 
<0.5 
<0.5 
<0.5 

5.0 



Clone 29 DBA 
IS contzol 

TBrombin 

Prottarombin 

Albunin 

Chymo trypsin 
20 Trypsin 

Kallikrein 

Plasmin 

TPA 



81280 
81753 
81580 
85873 
82953 
75673 
84013 
82633 
81960 



126 
48160 
8849 
1778 
207 
318 
143 
12323* 
192 



0 

59.0 
11.0 
2.0 
<0.5 
<0.5 
<0.5 
15.2 
<0.5 



25 rLone M DMA 

Control 
T hromb in 
Prothrombin 
Albumin 
3C Cbymotrypsin 
Trypsin 
Kallikrein 
Plasmin 
TPA 



81886 
82940 
91760 
92473 

97060 
97846 
95053 
66565 
98166 



917 
48796 
8719 
234 
186 
429 
1275 
9704 
644 



0 

59.0 
9.5 

<0.5 
<0.S 
<0.5 
<0.5 
IS.C 
<0.5 
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The tiirombin 21-mer ancrod assay was conducted 
as follows. Ancrod was suspended in sterile water at a 
concentration of 44 U/mL. 10 (iL ancrod solution was 
added to 95 iiL of selection buffer prewarmed to 37«C. 
5 100 ML of this mixture was transferred to the coagulation 
cup of the fibrometer described above, followed by 
addition of 200 fiL of fibrinogen and 20 fiL of 21-mer DN& 
(both prewarmed to 37«C) . TE buffer pH 7.0 was used as a 
control lacking DNA- The control clot time was 25 
10 seconds while the clot time in the presence of 500 nM 21- 
mer was 24 seconds and was 26 seconds in the presence of 
33 MM 21-mer. This result demonstrated the specificity 
on inhibition of fibrinogen cleavage was limited to 
thrombin; ancrod was not affected. 

IS 

g^tamole 12 

TnT>nmh^n Ant^amer PhamacQlcinetic Studies 
A 15-mer single* stranded deoxynucleotide, 
5' GGTTGGTGTGGTTGG 3', identified as a consensus sequence 

20 from 30 thrombin aptaxner clones as described in Example 1 
above I was used. Young adult rats of mixed gender and 
strain were used. The animals were anaesthetized and a 
diester of the l5-mer was injected through a catheter in 
200 111 volximes (in 20 mM phosphate buffer, pH 7.4, O.lS M 

25 NaCl) at two concentrations, so that the final 

concentration of 15-mer in the blood was about 0.5 and 
5.0 mM respectively, although the exact concentration 
depends on the volume of distribution (which is unknown 
for this oligonucleotide). These values are 10 to 100 

30 times greater than the human in vitro Kd value • No 
heparin was used for catheterization. 

Ac 0, 5, 20 and 60 minutes, blood was withdrawn 
from the animals (approx. 500 fil aliquots) , transferred 
into tubes containing O.l volume citrate buffer, and 

35 centrifuged- Rat plasma was removed and tested in a 
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thrombin clotting-tine assay. Six animals were tised at 
each concentration, and three aniaals were injected with 
the control carrier solution containing no iS-mer. 

A prolonged clotting time was observed at the 5 
S minute time point at both concentrations, with the most 
significant prolongation occurring at the higher dose 
concentration. Little or no activity was observed at 20 
minutes. Thus, the iS-mer in blood withdrawn from rats 5 
minutes post -injection was able to inhibit exogenously 
10 added human thrombin. A separate APTT test at the .5 

minute time point showed that the IS-nar also inhibited 
rat blood coagulation, presumably by inhibiting rat 
thrombin to a significant degree. The half -life of the 
15-mer in rats appears to be about 2 minutes or less. 

15 

ThnmM" ^r^tanmr Priimte Studies 
Two tThrrff*''^" aptamers %«ere admixiistered to 
adult male cynomologous monkeys. TJhsubstituted 15-mer 

20 UNA with the sequence 5' GGTTGGTGTGGTTGG 3' and an 
analog, 5' GGTTGGIGTGGTtVg 3', con tainin g thioate 
interoucleotide linJcages at the indicated positions {*) , 
were used. Aptamer was delivered as an intravenous 
bolus or infusion and then blood seniles were withdrawn 

25 at various times after delivery of the bolus or during 
and after infusion. The catheter was h^arinized after 
the 10 minute timepoint. The animals were not 
systematically heparinized. 

ThroBdain inhibition was measured by a 

30 prothrombin time test (PT) using a conmercially available 
]cit, reagents sad protocol (Sigma Diagnostics, St. Louis, 
catalog Nos. T 0263 and 870-3) . Inhibition of thrombin 
W21S indicated by an increased clot time conpaured to the 
control in the PT test. Clot times were obtained by 

35 withdrawing a sample of blood, spinning out red cells and 
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using the plasma in che PT test. Control tnronbin PT 
clot time values were obtained several minutes prior to 
administration of aptamer. Briefly, the PT assay was 
conducted using O.l mL of monkey plasma prewaxmed to 37<> 
5 c and 0.2 mL of a 1:1 mixture of thromboplastin (\ised 
according to manufacturers instructions) and CaClj (25 
fflH) , also prewatraed to 37oC. Thrombin clot times were 
measured with a fibrometer as described above. 

The animals were at least two years old and 

10 varied in weight from 4 to 6 kg. Doses of aptamer were 
adjusted for body weight. Aptamer DMA was dissolved in 
sterile 20 mN phosphate buffer (pH 7.4) at a 
concentration of 31.8 to 33.2 mg/mL and diluted in 
sterile physiologicaa saline prior to delivery. Bolus 

15 injections were administered to give a final 

concentration of 22. S mg/Kg (1 animal) of the diester 
aptamer or 11.25 mg/Kg (l animal) of the diester aptamer. 
infusions were administered over a I hour period to three 
groups of animals: (i) 0.5 mg/kg/min of diester IS-mer (4 

20 animals), (ii) 0.1 mg/kg/min of diester 15-mer (2 

animals) and (iii) 0.5 mg/kg/min of thioate analog 15- 
mer (2 animals) . 

PT assay results from the bolus injections 
showed thronbin inhibition times of 7.8, 3.3 and 1.35 

25 times control at 2.5, 5.0 and 10. 0 min respectively after 
delivery of the aptamer for the high dose animal. 
Inhibition times of 5.6, 2.2 and 1.2 times control were 
obtained from the low dose animal at the same time 
points . 

30 Figure 2 shows a plot of the PT times from the 

4 animals that received the high dose diester infusion 
cotroared to pretreatment control values . The data points 
show the PT clot time as an average value obtained from 
the 4 animals in the group. The arrows indicate time 

3= points at the beginning and end of the infusion period. 
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Tbrofflbia inhibition peaked at about 10 to 20 mia after 
Che infusion was initiated and remained level until the 
infusion period was terminated. Inhibitory activity 
decreased rapidly after the infusion of aptamer 

5 terminated. 

High dose diester and high dose thioate animals 
showed comparable inhibition of thrombin-mediated 
clotting, with the high dose thioate giving a sustained 
clot time of 2.5 to 2.7 times the control value during 
10 the course of the infusion. The low dose diester 

coB?)ound gave a clot time of 1.4 to 1.5 times the control 
value. These results demonstrated the efficacy of the 
native and thioate analog aptamers in primates. 

Ttih-tViifciq n 9xt^T».i-r'rpar^».l Binod Clotting 
By lTT^*'^" APtamer 
Anticoagulation of a hemodialysis filter was 
demonstrated using the iS-mer S' GGTTCGTGTGGTTGG 3' 
20 thrombin aptamer with human blood. A bolus of IS-mer DMA 
was delivered to human blood at 37-C to give an aptamer 
concentration of lO^iM. The blood was contained in an 
extracorporeal hemodialysis circuit (Travenol, Mbdel Ho. 
CA-90) . Pressure proximal to the hemodialysis filter was 
25 monitored to determine the time after administration of 
aptamer that coagulation occurred. Blood coagulation was 
marJced by a pressure increase from about 50 xm Hg 
observed with uncoagulated blood (blood flow rate 200 
ujL/min) to pressure of at least 400 nm Hg. 
30 Using citrated whole blood (recalcified at tiine 

zero) , coagulation occurred at about 9 minutes after 
fresh blood was placed in the hemodialysis unit and 
circulation was begun. (In a repeat of this control 
experiment, coagulation occurred at 11 minutes.) A 
35 heparin control (1 U/mL) gave sustained anticoagulation 
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until the experimanc was tarminaced at 80 minutes after 
start of circulation in tlie unit. Blood coagulation 
occurred at 51 minutes in one trial with the 15-mer. In 
a second trial, coagulation did not occur during the 80 
5 minute course of the experiment. 

Thus, methods for obtaining aptamers that 
specifically bind thrombin are described, as well as the 
therapeutic utility of these aptamers and the use of the 
aptamers in the detection and isolation of thrombin. 
10 Although preferred embodiments of the subject invention 
have been described in sane detail, it is understood that 
obvious variations can be made without departing from the 
spirit and scope of the appended claims. 
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He dain: 

1. An aptamer containing a binding region 
capable of binding specifically to thrombin. 

2. The aptamer of claim 1 wherein the aptamer 
is selected from the group consisting of single- stranded 
KNA., single-stranded DNA, double- stranded DNA and 
chemical modifications thereof. 



10 



20 



3. The aptamer of claim 2 wherein the aptamer 
is single- stranded RNA. 

4. The aptamer of claim 2 wherein the aptamer 
15 is single- stranded DKA.. 

5. The aptamer of claim 2 ^dierein the aptamer 
is double- stranded DNA.. 

6. An aptamer containing at least one binding 
region capable of binding specifically to thrombin with a 
dissociation constant (Kd) of less than 100 x 10" . 

7. The aptamer of claim 6 cont ainin g at least 
25 one binding region capable of binding specifically to 

thrombin with a dissociation constant (Kd) of leas 
rfr»«-n 30 X 10"^. 

8. An aptamer containing at least one binding 
30 region capable of binding specifically to thrombin 

wherein said binding region contains less than 16 
nucleotide residues. 



35 
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9. The aptamer of claim 8 wherein said binciing 
region contains more than S and less than 16 nucleotide 
residues * 

10 • The aptamer of claim i wherein the aptamer 
contains at least one modified base, sugar, or linking 
group. 

11. The aptamer of claim 10 wherein 

the aptamer contains at least one linking group 
wherein P{0)0 is replaced by P{0)S, P(S)S, P(0)HR2, 
P(0)ll, P(0)OR', CO or CHj, wherein each R or R' is 
independently H or substituted or tmsubstituted alkyl 
(1-20C) optionally containing an ether (-0-) linkage, 
aryl, alkenyl, cycloalkyl, cycloalkenyl or aralkyl; or 

the aptamer contains at least one linking group 
attached to an adjacent nucleotide through S or N; or 

the aptamer contains at least one analogous 
form of purine or pyrimidine, or at least one abasic 
site. 

12. The aptamer of claim 11 which is a single- 
stranded DNA. 

13. The aptamer of claim 11 which contains at 
least one linking group wherein P(0)0 is replaced by 
P(0)S, and wherein said linking group is attached to each 
adjacent nucleotide through 0. 

14 • The aptamer of claim ll which contains at 
least one linking group wherein P(0)0 is replaced by 
^(OlIIKCHjCHjOCHj) , and wherein said linking group is 
attached to each adjacent nucleotide through 0. 
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15. The aptamer of claim 11 which concains at 
least one linking group wherein P(0)0 is replaced by CHj* 
and wherein said linking group is attached to each 
adjacent nucleotide through 0. 

S 

16. The aptamer of claim 11 wherein the 
aptamer is single- or double- stranded DNA and contains at 
least <Mie uracil (dor) base substituted for thymine. 

17. The aptamer of claim 11 containing at 
least one 5-pencynyluracil base substituted for thymine. 

18. The aptamer of claim 11 con t a ining at 
least one aJaasic site. 

15 

19. An aptamer capable of binding specifically 
to thrombin wherein the avtaner con t a in s at least one 
modified or analogous sugar. 

20 20. The aptamer of claim 19 wherein the at 

least one modified or analogous sugar is a fxiranose 
sugar. 

21. The aptamer of claim 20 wherein the 
25 furanoae sugar is a 2 ''modified fUranose sugar. 

22 . The aptamer of claim 21 wherein the 2 ' - 
modified furanose sugar is a 2'-0-alkyl-, 2'-S-alkyl-, or 
2'-0-halo furanose sugar. 

30 

23. An aptamer capable of binding specifically 
CO thrombin wherein the aptamer contains a 3'- or S'- 
phosphorylated hydroxyl group. 
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24. ThB aptaner of claims 1-23 wherein said 
binding region conpriaes the sequence GGXTGG, wherein X 
is T, A, D, dD or G. 

S 25. The aptamer of claim 24 wherein said 

nucleotide sequence has the formula GGTTGG. 

26. The aptaaer of claim 24 wherein said 
thrombin binding region conprises the sequence 

10 GGJClGGCWgGcacTGG or a fragment thereof, wherein N is G, 
A, C, U, dD or T, and z is an integer from 2 to 5. 

27. The aptaner of claim 26 wherein said 
sequence has the fo rmul a 



15 



28. Hie aptamer of claim 27 having the formula 
(JU ' i ' lWimUi ' X ' l ' G G*G*T wherein * denotes an NBA linlcage. 



29. The aptamer of claim 27 having the formula 
20 GGTTGGT6TGGTT*G*G wherein * denotes a thioate linkage. 

30. The aptamer of claim 27 having the formula 
G*6*T*T*G*gVg*T*G*0*tVg*G wherein * denotes a thioate 

linkage . 

25 

31. The aptamer of claim 27 having the formula 
GGTTGG (dU) G (dD) GGTTGG. 

32. The aptamer of claim 27 having the formula 
30 GG{dD)TGGT6TGG(dD)TGG. 

33. The aptamer of claim 27 having the formula 
GGTTGGTGTGGTD'GG wherein D' denotes 5-pentynyluracil. 



35 
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34. Tte aptaner of claim 27 having the formula 
eSKGCSTGTGGTYGG wherein each Y is selected from the group 
consisting of thymine and 5-propynyluracU. 

35. The aptamer of claim 27 having the formula 
GGTW36ZGTGGTXGG wherein each Y is selected from the group 
consisting of thymine and 5-propynyluracil, and Z xs an 
alDsisie site. 

36. The aptamer of claim 27 having the formula 
GCTY'GG(dD)G(dU)GGTyGG wherein Y' is 5-propynyluracil. 

37. The aptamer of claims 1-25 ^ch contains 
a binding region of less than 16 nucleotide residues. 

38. The aptamer of claims 1-23 which contains 
a binding region of less than 10 nucleotide residues. 

39. The aptamer of claims 1-33 which contains 
20 6-100 nucleotide residues - 

40. The aptamer of claim 39 which contains 6- 
50 nucleotide residues. 

41. The aptamer of claims 1-40 wherein said 
aptamer is capable of binding specifically to thrombin at 
physiological conditions. 

42. The aptamer of claims 1-40 wherein said 
aptamer binds to thrombin with a Kd of less than 100 x 



10-^ 



43 The aptamer of claim 42 wherein said 
aptamer binds to thrombin with a Kd of less than 100 x 
35 10'^ at physiological conditions. 



-69- 



44. The aptamer of claims 1-43 wherein the Kd 
with respect to the aptamer and thrombin is less by a 
factor of at least 5, as compared to the Kd for said 
aptamer and other molecules. 

45. The aptamer of claims 1-44 which is a 
secondary aptamer. 

46. A method for obtaining an aptamer 
containing at least one binding region that specifically 
binds thrombin, which method comprises: 

(a) incubating thrombin with a mixture of 
oligraucleotides under conditions wherein coooplexation 
occurs with sooie, but not all, mesibers of the mixture to 
form oligcmueleotide- thrombin canplexes; 

(b) separating the oligonucleotide- thrombin 
con^lexss from unconplexed oligonucleotide; 

(c) recovering and amplifying the conplexed 
oligmmcleotide from said con^lexes; and 

(d) optionaJ.ly determining the sequence of the 
recovered oligonucleotide. 

47. The method of claim 46 wherein said 
aptamer is a single -stranded DHA, or 

wherein said aptamer contains at least one 
binding region capable of binding specifically to 
thrombin with a dissociation constant (Kd) of less than 

30 x 10*^1 or 

wherein said aptamer contains at least one 
binding region capable of binding specifically to 
thrombin wherein the Kd with respect to the aptamer and 
thrombin is less by a factor of at least 10, as compared 
to the Kd for said aptamer and other molecules, or 
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wherein said aptamer contains at least one 
binding region capable of binding specifically to 
chroobin wherein said binding region contains less than 
16 nucleotide residues. 

48. The method of claim 47 wherein said 
adxture of oligonucleotides contains at least one 
modified oligenucleotide. 

49. The method of claim 47 wherein said 
amplifying is conducted using at least one modified 
nucleotide. 

50. The method of claims 47-49 wherein said 
15 mixture of oligonucleotides contains at least one 

randomized- sequence region. 

51. The method of claims 47-50 which further 
includes repeating steps {a).(c) using the recovered and 

20 amplified cooplexed oligonucleotides resulting from step 
(c) in succeeding step (a) . 

52. The method of claims 47-51 wherein the 
binding affinity of an oligonucleotide mixture for 

25 thrombin is at least 50-fold less than the binding 
affinity of the aptamer for thrombin. 

53 . lai aptamer prepared by the method of 

glaTHia 47-52. 

54. A method to obtain a secondary aptamer So: 
chrombia which method con?)riaes; 

(a) incubating thrombin %ri.th a mixture of 
oligonucleotide sequences under conditions wherein 



30 



3s 



wo 92/14842 



-71- 

conplexation occxirs with some, but not all, members of 
the mixture to form oligonucleotide -thrombin complexes; 

(b) separating the oligonucleotide- thrombin 
complexes from uncomplexed oligonucleotides; 

(c) recovering and aitplifying the complexed 
oligonucleotides from said con?)lexes; 

(d) optionally repeating steps (a) -(c) with the 
recovered oligonucleotides of step (c); 

(e) determining the sequences of the recovered 
oligonucl eo tides ; 

(f) determining a consensus sequence included 
in the recovered oligonucleotides? and 

(g) synthesizing a secondary aptamar which 
coiq}rises the consensus sequence. 

55. A secondary aptamer prepared by the method 
of claim 54* 

56. A cooplex formed by thrombdLn and the 
20 aptamer of claims 1-45, 52, or 55. 

57. A method for obtaining an aptamer 
containing at least one binding region that specifically 
binds thrombin, which method comprises: 

25 (a) incubating thrombin with a mixtxire of 

oligonucleotides under conditions wherein conqplexation 
occurs with some, but not all, members of the mixture to 
form oligonucleotide- throoibin complexes; 

(b) separating the oligonucleotide- thrombin 
30 complexes from uncomplexed oligonucleotide; 

(c) recovering and amplifying the coaplexed 
oligonucleotide from said complexes; and 

(d) optionally determining the sequence of the 
recovered oligonucleotide, 
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vliereln Che dissociation conscant (Kd) with 
raspect to said tlUMinbin and mixture of oligonucleotides 

is 2 1 ftM, or 

wherein the Kd with respect to the aptamer and 
5 said throntoin is less by a factor of at least 50 as 

compared to the Kd for said thrombin and said mixture of 
oligonucleotides; or 

wherein steps (a) and (b) are conducted under 

physiologiccUL conditions, or 

wherein said mixture of oligonucleotides 
consists of single- stranded DHA. 

58. The method of claim S7 wherein said 
ndxture o£ oligodttcleotidiBa contains at least one 

15 modified oligoaucleotide. 

59. The method of claim 57 wherein said 
an5>lifying is conducted using at least one modified 
nucleotide. 

20 

60. The method of claim 59 wherein said at 
least one modified nucleotide is a S-al]cyl-2' -deoxy- 
pyxamidine. 

25 SI. The method of claim SO wherein said 5- 

alkyl-2'-deoxypyrimidine is selected from the grot^ 
consisting of 5-methylcytosine, 5-pentynyl-de«cyuracil, 
aad s-propynyl-deoxyuracil. 

2c 62- The method of dauLms 57-61 wherein said 

Bixture of oligonucleotides contains at least one 
randomized- sequence region. 

63. The method of claims 57-62 which fiirther 
35 includes repeating steps (a) - (c) using the recovered and 
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ajnplifiad ccanplexed oligonucleotides resulting from step 
(c) in succeeding step (a) . 

64. An aptamar prepared by tbe method of 
5 claims 57-63. 

65. A method to detect the presence or absence 
of thrombin, which method comprises contacting a sample 
suspected of containing thrombin with the aptamer of 

10 claims 1-45 under conditions wherein a complex between 
thrombin emd the aptamer is formed, and 

detecting the presence or absence of said 

ccmplex. 

66. A method to purify thrombin, which method 
coB^rises contacting a sample containing thrombin with 
the aptamer of claims 1-45 attached to solid support 
xjnder conditions wherein thrombin is bound to the aptamer 
coupled to solid support; 

washing \inbound components of the sample; and 
recovering thrombin txam said solid support. 

67. A pharmaceutical coo^osition for medical 
use comprising the aptamer of claims 1-45 in admixture 

25 with a physiologically acceptable excipient. 

66. A conpositibn for diagnostic use which 
conprises the aptamer of claims 1-45. 

3Q g9. The aptamer of claims 1-45 coupled to an 

auxiliary substance. 
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70. The aptamer of claim 69 wherein said 
auxiliary substance is selected from the group consisting 



wo 92/14842 



PCr/US92/01367 



3C 



.74. 



of a drug, a coxia, a solid support, and specific binding 
reagent, a label, a radioisotope, or a contrast agent. 

71. The aptamer o£ claim 70 wherein said 

5 auxiliary substance is a radioisotope selected from the 
group consisting of '»Tc. "^m and "^I. 

72. A method to obtain an aptamer containing a 
binding regi«x which specifically binds thrombin which 

10 caaf>rises: 

(a) incubating thrombin reveraibly coupled to a 
support with a mixture of oligonucleotide sequences under 
conditions wherein the coupled thrombin eoi^lexea with 
some, but not all, members of the mixture to form 

IS support-bound oligonucleotide caoplexesj 

(b) decoupling and recovering the 
oligonucleotide-thrombin complex from the support to 
obtain free aptamer- thrombin conplexes; 

(c) recovering and aaplifying the conplexed 
20 oligonucleotides from the free oligonucleotide- thrombin 

complexes to obtain a population of aptamars; 

(d) optionally repeating steps (a) - (c) using as 
said mixture the recovered population of aptamers of step 
(c) ? and 

25 (e) optionally determining the sequence of the 

recovered aptamera. 

73. The method of claim 72 wherein the support 



is a lectin support. 

74. The method of claim 73 wherein in step 
{b> , decoupling is accomplished by adding a 
monosaccharide . 
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75. The method of claim 74 wheMin the 
tnonosacchaxide is selected from the group consisting of 
(x-methyl-mannoside, N«acetylglucosamine, glucose, N- 
acetylgalactosamine and galactose. 

5 

7€. The method of claim 75 wherein the support 
is a concanavalin A column. 

77. A con5)osition for use in binding or 
10 inhibiting thrombin which composition coinprises an 
aptamer as. described in claims 1-45. 

77. A composition for use in inh i b iting 
clotting or coagulation in a patient's blood which 

15 coo^osition comprises an aptamer as described in claims 
1-45. 

78. A composition for use in inhibiting or 
reducing restenosis r which composition eonprises an 

20 aptamer as described in cla im s 1-45. 

79. A conposition for use in treating a 
patient's blood CQIPOrs to inhibit clot formation, 
which COTTOOsition comprises an aptamer as described in 

25 claims 1-45. 

80. A method to prevent coagulation during 
cardiopulmonary bypaiss surgery, which method con?)rises 
contacting blood with an aptamer as described in claims 

30 1-45- 

81. In a method to inhibit clot fonnation 
which comprises contacting blood with a fibrinolytic 
agenc, the improvement which comprises: 

35 
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contactiag said blood with an aptamer as 
described in elains 1-4S. 
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